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Section I 
Introduction 
U.S. energy infrastructure is unquestionably expanding. This may be in response to 
recent years’ steep rises in energy prices and concerns about energy security or the 
2009 focus on using infrastructure projects to help stimulate the economy and 
address climate change. 
At a minimum there is tension, if not direct conflict, between the expansion of 
energy infrastructure (even “green” energy such as wind) and efforts to conserve open 
space. New turbines and transmission lines consume land – often land of high 
amenity and ecosystem value. Similar issues arise around the production of biofuels 
– do they offer sustainable uses for rural areas or are they just another form of 
intensive, destructive agricultural production? Do the efforts to increase domestic gas 
and oil production offer only threats or are there ways to couple these activities with 
new mitigation/conservation efforts? Is there such a thing as “clean coal” and what 
might be its footprint – through mining, transportation, combustion, carbon 
dioxide capture, transportation, and underground injection? 
For many U.S. land trusts, issues regarding energy infrastructure provide one of 
their first, most direct links to the impacts of global warming and possible responses. 
Should we support the expansion of wind energy? If so, where? Should we amend 
existing easements to allow the construction of new turbines? Should we support the 
expanded use of woody biomass or will doing so degrade the health of our soils and 
forests? Are mitigation credits – from wetlands, streamsides, forests and other 
ecosystems – a valuable source of conservation finance to be pursued or an illusion 
that distracts our attention from the real impacts of expanded energy production and 
transmission? 
Only by stepping back from the day­to­day effort to protect land and engaging 
with others from outside the land conservation community can U.S. conservation 
leaders hope to develop strategic responses to these questions. The Obama 
administration’s efforts to link energy and environmental policies also offer an 
opportunity to address these issues in new and more effective ways. 
The purpose of the 2009 Berkley workshop was to explore these opportunities and 
threats, as well as to develop creative ways forward. The workshop convened a diverse 
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range of leaders in land conservation and energy policy (see Box 1). The facilitated 
discussions and free time for thought/conversation on the grounds of the Pocantico 
Conference Center were designed to stimulate innovative thinking on new 
approaches to these issues. As part of a multi­year effort involving Yale, the Land 
Trust Alliance, and other conservation leaders, several mechanisms for follow­up 
from the ideas and actions identified during the workshop are already in place. 
Box 1 Workshop participants 
Judy Anderson, President, Community Consultants
Forrest Berkley, Board Member, Maine Coast Heritage Trust
Aimee Christensen, Board Member, American Council on Renewable Energy
Ernest Cook, Director of Conservation, Trust for Public Land 
Kaarsten Turner Dalby, Senior Director Ecological Services, The Forestland Group LLC
Jim Dooley, Senior Staff Scientist, Joint Global Change Research Institute
Kim Elliman, CEO, Open Space Institute
Jay Espy, Executive Director, Sewall Foundation
Brad Gentry, Senior Lecturer and Director, Yale Program on Strategies for the Future
of Conservation, Yale School of Forestry & Environmental Studies
Nathanael Greene, Director, Renewable Energy Policy, NRDC
Frank Hebbert, Associate Planner GIS, Regional Plan Association
Janet Keating, Executive Director, Ohio Valley Environmental Coalition
Gil Livingston, President, Vermont Land Trust
Andy Loza, Executive Director, Pennsylvania Land Trust Association
Nancy McLaughlin, Professor of Law, University of Utah
Chris Miller, President, Piedmont Environmental Council 
Casey Pickett, Masters Student, Yale School of Forestry & Environmental Studies
David Higby, Director Federal Government Relations, The Nature Conservancy of NY
Christopher Recchia, Executive Director, Biomass Energy Resource Center
Dan Reicher, Director, Climate and Energy Initiatives, Google.org
Paul Risser, Chair, National Research Council Committee on the Environmental 
Impacts of Wind Energy Projects, CEO, University of Oklahoma Research
Cabinet 
Marc Smiley, Partner, Decisions Decisions
Peter Stein, General Partner, The Lyme Timber Company
Randy Swisher, Former Executive Director, American Wind Energy Association
Buzz Thompson, Professor of Law and Co­Director Woods Institute for the
Environment, Stanford University
Laurie Wayburn, President, Pacific Forest Trust
Rand Wentworth, President, Land Trust Alliance 
This is the fourth in a series of workshops providing convening and research 
support for efforts to expand and apply most effectively the resources (financial, 
political, personnel) available for land conservation in the US. It is made possible by 
gifts from Forrest Berkley and Marcie Tyre to the Yale School of Forestry & 
Environmental Studies, as well as additional support from the Overhills and Pequot 
Capital Foundations. The structure and background papers for the workshop also 
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build from the clean energy and land use dialogue during the REIL Network meeting 
in 2008 sponsored by the Blue Moon Fund and the UN Foundation. Marc Smiley, our 
facilitator, once again did a wonderful job making sure that the conversation was 
lively and productive, while offering everyone an opportunity to share their thoughts. 
Many thanks as well to Amy Badner for all of her help organizing the administrative 
aspects of the gathering. Our deepest appreciation also goes to Judy Clark, Regina 
Creegan and their colleagues at the Rockefeller Brothers Foundation for allowing us 
to use the magnificent facilities at the Pocantico Conference Center. Finally, it is 
important to note that the views expressed in this publication are solely those of the 
editors and individual authors and do not necessarily reflect the views of Yale 
University, The Rockefeller Brothers Fund or any of the other participants. Lastly, our 
gratitude is extended to the F&ES Publication Series for making this publication 
possible. 
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Section II 
Linking Energy Policy and Land
Conservation in the U.S. 
summary of major themes 
Over the course of the three days, a massive amount of learning occurred and a 
remarkable set of connections were made. The purpose of this section is to 
summarize some of the major themes of the discussion, along with the next steps 
participants identified as ones that they will or others should pursue. 
Themes from the discussion 
The conservation and clean energy communities need each other 
Probably the most important theme to emerge was how much the land conservation 
and clean energy communities in the U.S. need each other. Land trusts need help 
ensuring that the effort to build new energy infrastructure does not target already 
conserved land. This requires that they have a seat at the clean energy/climate change 
table, as that is where the policy momentum currently resides. Helping to reduce 
emissions of greenhouse gasses will also allow land trusts to benefit from mitigation 
funding opportunities as they arise and, hopefully, reduce the scale of the adaptation 
efforts that will be required in the future. 
At the same time, the clean energy community needs help siting “good” projects 
quickly. This requires not only connections at the federal level, but also effective 
grassroots/tops, bi­partisan, community­based networks – one of the key strengths 
of the land trust movement. Local conservation networks need to see the value of 
specific projects to help speed their siting and deployment. In addition, the 
conservation community can help implement cost­effective mitigation techniques, 
from storing carbon in forests/grasslands/geologic formations to substituting current 
carbon (in the form of woody biomass) for fossil carbon. 
These mutual needs also underscore how much the clean energy and conservation 
communities have to learn from each other – especially as they increasingly come 
together as part of the broader climate change community. This could be seen in the 
yale school of forestry & environmental studies 
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different tone of the discussions this year as compared to previous years. This year 
there were fewer arguments that any particular position should be adopted and many 
more questions about new areas as the participants tried to get their arms around the 
technologies, policies, business realities and ethics of the topics being considered. 
This was particularly true of climate change – and all of the attendees owe Jim 
Dooley a debt of gratitude for his agreement to offer a superb update on climate 
science and potential responses on extremely short notice. 
Land trusts need to pursue a more dynamic model of “permanent conservation” 
The focus on climate change also poignantly poses the question of what “permanent” 
land conservation means in practice. A view that the land trust community should be 
trying to stop all change clearly cannot hold. The only constant is change, whether 
through natural processes, shifts in human values, human­induced changes to the 
climate or technological changes that pose new threats to open spaces; such 
technological changes themselves span from low­speed wind turbines in areas with 
less wind to new techniques for extracting natural gas from oil shale deposits. Some 
of the implications of this line of inquiry include the need for the land trust 
community to: 
●	 Continue to think about how legal instruments can be drafted/used to 
anticipate and adapt to such changes, such as through the inclusion of 
specific provisions (floating conservation zones, amendment procedures) 
and the articulation of criteria (balancing scientific and community values) 
on which such changes may be made; 
●	 Find ways to incorporate the most recent data on projected changes in 
temperature, moisture and other climate factors into conservation planning 
efforts; 
●	 Consider how aesthetics fit into such questions in a changing world, 
particularly since a powerful part of the land trust business model has been 
helping donors prevent changes to the lands they love; and 
●	 Challenge itself to lead on the change it would like to see, rather than waiting 
for condemnation proceedings to sort out the debate site­by­site. 
While some participants were of the view that the urgent need to respond to 
climate change should trump virtually all other public goals, others did not share that 
perspective. At a minimum, this means that the efforts to find win/win opportunities 
must intensify. Ways must be found to add “saving land” to the list of popular co­
benefits from actions to reduce greenhouse gas emissions – such as saving money 
(through energy efficiency), creating jobs (through the manufacture and deployment 
of new, cleaner technologies) and increasing energy security (through reductions in 
energy demand, as well as the use of more domestic energy sources). The 
opportunities to reduce emissions from land development and store more carbon in 
natural areas make this an opportunity well worth exploring further. For example, 
yale school of forestry & environmental studies 
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saving land can save money (as carbon storage in forests/grasslands costs less than 
many other options), create jobs (in community forestry using woody biomass as a 
fuel), and increase energy security (through the use of locally grown plants as fuel) 
while also helping to reduce the flooding expected from extreme storms. It can also 
allow for the storage of water in areas hit by drought and create opportunities to purify 
water at a lower cost than more carbon­intensive concrete and steel treatment plants. 
The comparative advantage of land trusts is their ability to say yes across divides 
Land trusts clearly have the potential to help move the aforementioned efforts 
forward. Their focus on permanent land conservation in the communities within 
which they work, along with their local, bipartisan appeal, makes them uniquely 
credible messengers between relevant stakeholders. This is true both in local 
communities as well as with representatives in state capitals and Washington, DC. 
Land trusts can also help the broader environmental community combine fear 
with hope – linking the ability to say no (to certain proposals) with the ability to say 
yes. Many environmental organizations are more comfortable just saying no – you 
cannot build/dump that here. One of the core strengths of the land trust movement, 
however, is saying yes – doing deals to acquire rights to land, often in unusual and 
difficult circumstances. 
Marrying the ability to try to stop “bad” clean energy projects with the ability to 
help move “good” projects along more quickly will be a key component of any effort 
to bring together the U.S. clean energy and land conservation communities. 
Obviously, this means that land trusts will need to know what they want to see in 
“good” projects and be able to say no to “bad” ones – both internally and externally. 
Nathanael Greene offered three principles on which to build these efforts: (1) 
minimize the trade­offs that have to be made; (2) make any trade­offs carefully; and 
(3) make sure to receive what was bargained for when the tradeoff was made. 
New skill sets will be required for land trusts 
Doing so will require new skill sets for the land trust community at the local, regional, 
and national levels. While some land trusts have strong public education programs, 
others do not – such programs will need to be scaled up dramatically. Political action 
by land trusts often involves targeted contact with decision makers who are supporters 
of land conservation efforts – will there be a need to go beyond those known supporters 
to help cultivate new ones? Finding the time and resources to collect, analyze, and 
disseminate data on the benefits of combining more efficient or cleaner energy efforts 
with the protection of critical lands will also be a challenge. Since so many energy 
infrastructure issues arise at a regional level, it may make sense to expand the role of 
land trust service bureaus to providing support for work on these topics as well. 
And traditional connections will have to be applied in new ways 
A large number of conservationists have joined the Obama administration, offering 
an unusual opportunity to push for a balance between protecting critical landscapes 
yale school of forestry & environmental studies 
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For an overview of technolo­
gies to address climate 
change, see the GTSP’s 2007 
report on Global Energy 
Technology Strategy at 
http://www.pnl.gov/gtsp/ 
docs/gtsp_2007_final.pdf/. 
and deploying cleaner energy technologies. The Land Trust Alliance should consider 
keeping an inventory directory of conservationists in the administration, as well as 
assessing how connections with land trusts can help bring value to their work. One 
specific initiative is to push for or provide data on inter­agency efforts to create 
guidelines for assessing and siting new energy facilities that take account of 
conservation values and community input. 
Prior work on tax incentives for conservation has demonstrated the value of the 
land trust community’s grasstops networks in Congress. That network should be 
brought to bear on clean energy and climate change as well. Efforts should be made 
to identify senators whose votes are key on climate change or clean energy legislation, 
then to see which ones are also close to the conservation community and ultimately 
strive to meet with them. Among the topics that could be covered are: (a) ensuring 
that public and private protected areas are considered in any federal preemption of 
the process for siting transmission lines; and (b) providing other incentives for land 
conservation as part of a climate or clean energy bill. 
Responding to climate change requires the urgent use of many different technologies 
Moving from these broad themes to more detailed reflections on the discussions 
regarding specific technologies, one major conclusion was clear – the scale of the 
change needed to respond to climate change means that no one technology or 
approach will be enough. Rather, a suite of efforts across a range of technologies and 
locations will be required. This appears to include an expanded and more connected 
electricity network as we move from primary reliance on constant/baseload power 
(coal, nuclear) to more intermittent sources (wind, solar) and decentralized energy 
production/storage. A related conclusion is that as we move from more dense fuels 
(fossil fuel, nuclear) to less dense fuels (wind, solar, biomass), more land will be 
required. This means that the competition for land for food, fiber, fuel, shelter and 
services will only intensify. 
Another specific reflection detailed how wide the range of issues discussed 
spanned different covered technologies. For wind farms and transmission lines, the 
focus was on criteria and processes for finding and permitting the “best” sites. For oil 
and gas exploration it was on the implications of technological change in terms of 
threats to open space, as well as the reputational issues around engagement with 
energy projects. Issues of severed estates – either subsurface rights or fee ownership 
– arose in the discussions about fossil fuels and carbon dioxide capture and storage. 
The human impacts of energy development were starkly illustrated by the discussion 
of mountaintop removal coal mining in Appalachia. Additionally, the need for new 
models of locally sourced and delivered heat energy was a central part of the woody 
biomass discussion. 
The next few paragraphs dig a little more deeply into some of these issues. At the 
same time, the variety of topics covered underscores the need for the land 
conservation and clean energy communities to continue to learn from each other. 
Only by doing so can they hope to navigate the tension between conserving critical 
lands and rapidly deploying cleaner energy technologies.1 
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Energy efficiency is priority number one 
All land trusts should push energy efficiency first and as fervently as they can. If 
demand for energy is reduced, so, too, is the need for new generation and 
transmission facilities. Land trusts should collaborate with energy efficiency 
advocates and local programs to promote specific actions in their own operations, by 
their members, and in their broader communities. Tighter links should also be 
forged with the smart growth community, given their focus on energy efficiency in 
buildings and transportation systems. 
New information technologies need to be used to inform siting processes
in novel ways 
Much of our discussion focused on capturing the opportunities that exist to 
influence the new energy facility siting process. New information technologies offer 
a means for mapping areas of special interest and engaging a wide range of 
stakeholders to help define both areas for development and those for protection. 
Specific efforts in this area might include the following: 
● Articulating guidelines for assessing potential energy development sites and 
building from those that have been developed to date; 
●	 Pushing for a broader, more integrated approach to energy resource 
planning, particularly in the identification and assessment of options for 
ways forward; 
●	 Including data on conserved lands, energy resource potential, patterns of 
existing development and a range of other community values in the 
assessment of potential sites for energy projects; 
●	 Expanding efforts to hear from more parties earlier in the siting process as 
part of energy planning efforts at the national, state, regional, and local 
levels; 
●	 Seeking to engage land trusts more directly in the assessment/planning 
processes already underway, such as the administration’s look at siting on 
federal lands or that in which NRDC is involved in the U.S. West; 
●	 Advocating for combined “infrastructure corridors,” including power lines, 
major roads, rail systems, pipelines, etc. as a way to minimize the footprint 
of the different networks; 
●	 Engaging around the topic of cost allocation – not just direct, but externalized 
costs as well – as a vehicle for justifying mitigation/compensation areas and 
payments as part of new energy development projects; and 
●	 Using whatever leverage the conservation community has to insert the 
results of these proactive, regional assessment efforts into the more formal 
energy siting processes led by governments, regional transmission 
organizations, and electric utilities. 
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Sub­surface rights are a growing area of concern for the conservation community 
A couple of specific areas of work were identified around sub­surface energy 
activities, as these appear to be posing new questions for an increasing number of 
land trusts. Included were the needs to: 
● Offer guidance on options for responding to oil and gas leasing on or near 
conserved lands; 
● Consider how that guidance might apply to sub­surface technologies that 
seem likely to receive more attention in the future, particularly carbon 
dioxide capture and storage (from the burning of fossil or other biofuels) 
and deep geothermal projects; and 
● Respond to the Secretary of the Interior’s request that the land trust 
community take a position on off­shore drilling, particularly given the 
historical use of royalties to help fund land conservation. 
Engaging communities and related ethical issues will continue as critical 
areas for work 
Underlying many of our discussions were deeper questions about the roles of local 
communities and the ethical dimensions of land use decisions. On the community side, 
a variety of concerns were raised about their capacity and right to be heard on, 
influence, and benefit from the siting of energy projects. Much of the discussion focused 
on links with local communities, including the historic concentration of land 
ownership in corporate hands in much of Appalachian coal country, methods for 
obtaining community input on aesthetics/viewshed issues, and the possibility of 
recognizing public ownership rights in wind and solar resources. As land trusts become 
more engaged on these issues, their traditional strengths in enabling decentralized, 
community­scale action are likely to become an even more valuable part of their efforts. 
On the ethics side, a wide range of issues were raised. One of the clean energy 
representatives raised the question of who should decide how to use what land, 
expressing some surprise that land trusts, as unelected private actors, felt comfortable 
making such decisions on their own. More generally: Who should decide what 
tradeoffs are appropriate using what process with input from whom? Should land 
trusts profit from fossil fuels? What leadership roles should land trusts and their 
individual members be taking on climate change/energy options? While a range of 
views were offered by individual participants on these and related questions, no effort 
was made to forge a consensus. Rather, these issues remain to be discussed in specific 
projects, as well as in broader strategy sessions in the future. 
next steps 
In addition to these broad themes, participants also identified a number of next steps 
for their organizations, the new administration, and researchers. A sample of these 
suggestions is provided below. 
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Actions by their organizations 
Land conservation/management organizations 
●	 Be more vocal and engaged on the need to respond to climate change, even 
ahead of more traditional reasons to conserve land. 
● Partner with energy, energy efficiency, climate, and other environmental 
groups to help capture current policy opportunities. 
● Articulate the value of open space/natural areas as part of the solution to 
climate change (mitigation/adaptation). 
●	 Add energy production to their definition of “working landscapes,” 
including “community/conservation energy” from woody biomass. 
● Help promote the development of community scale renewable energy 
projects (wood, methane, wind, solar, etc.). 
● Inventory and disseminate information on new mapping/decision­making 
tools being developed to enable spatially explicit and participatory planning 
efforts. 
● Better understand and help promote incentives for deploying more 
renewable energy technologies. 
●	 Engage more closely with the smart growth/transportation­oriented 
development communities to understand how best to collaborate on specific 
projects. 
●	 Think more deeply about the impact of traditional approaches to land 
conservation on standards of living, climate change, and related issues, as 
well as the implications for future work. 
●	 Help develop site­appropriate rules/guidance for managing conserved 
forests and range lands to reflect climate considerations. 
● Expand the attention paid to energy issues as part of the due diligence for 
land acquisitions. 
● Review model easement language in light of both climate change and energy 
project developments. 
●	 Think about better ways to communicate the connection between land 
protection and responses to climate change. 
● More actively undertake and promote actions to save energy, including 
energy audits of offices/homes, along with expanded communications with 
members and the land trust community as a whole. 
● Seek to modify state eminent domain laws to ensure that they reflect 
conservation organizations’ ownership rights and ecosystem values. 
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●	 Support wind projects on their lands. 
● Build a national database of sites under conservation easements to add to 
those covering fee­owned conservation land. 
Clean energy organizations 
● Link energy and land use efforts more widely. 
●	 Bring local land trusts into efforts to say yes to “good” clean energy projects. 
● Bring people from the land conservation community into the climate/clean 
energy policy discussions/advocacy at the state and national levels. 
●	 Connect land conservation organizations with the providers of clean energy 
technologies to explore ways forward 
Research/academic organizations 
● Continue to educate the environmental community on how climate change 
(as a stock problem) poses fundamentally different issues than traditional 
pollution (flow problem) and that it needs to be addressed using all available 
tools as quickly as possible, while still working to raise the general standard 
of living on the planet (particularly in developing countries). 
● Encourage land trusts to engage publicly at the micro (local news, with 
members) and macro (in DC) levels on the need for action on climate, 
including siting issues. 
● Work with the land trust community to build databases on why certain areas 
are important so that the scientific community can harvest micro level 
details on land use from them. 
● Develop maps of historical and projected land use change over centuries for 
use with policymakers, landowners and others. 
●	 Analyze big data sets on energy infrastructure, other infrastructure, and 
natural systems/infrastructure to see where they overlap or do not and 
disseminate the results. 
●	 Develop new tools to enable faster modeling of land use choices and broader 
participation as part of visioning/planning processes. 
● Bring land trusts into the work of more academic ecologists on predicting 
ecological change. 
● Understand the land use impacts of the carbon offsets being purchased by 
the organizations for which they work. 
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Ideas for action by the Obama administration 
● Recognize the climate value from “saving land.” 
● Ensure that mitigation for new energy projects is adequate to compensate for 
the full range of their externalized costs. 
● Ensure full accounting for carbon from different forms of biomass energy. 
● Include consideration of both publicly and privately protected lands in any 
federal preemption policy for energy facilities. 
● Pursue an inter­agency task force on guidelines and processes for assessing 
possible sites for energy projects. 
●	 Recognize that different energy technologies raise different issues and face 
different problems and thereby require different policy responses. 
● Review the wording of the federal tax code, as well as the model easement 
under the Forest Legacy and other federal funding programs, to ensure that 
they adequately reflect climate and clean energy related goals on conserved 
lands. 
●	 Truly dedicate the funds from energy projects on federal lands to 
conservation programs. 
● Coordinate the spending of federal stimulus dollars with the results of recent 
climate modeling. 
Topics for further research and development 
● How might the ambiguities in old conservation easements be addressed 
through presumptions expressed in state law? 
●	 How do cases on rights of way reflect/address protected lands? 
● Whether renewable energy resources are or should be covered by the public 
trust doctrine – i.e., is the government under an obligation to ensure that 
they are used to promote the public interest in a responsible fashion? 
● How do decentralized energy technologies/systems fit into current, more 
centralized systems, models and decision­making processes for responding 
to climate change? 
● What are the best ways to bring diverse communities to a common level of 
understanding on clean energy projects? How might new information 
technologies help support such efforts? 
● What does a full, lifecycle accounting show as the carbon budget for different 
types of biofuels and carbon storage technologies? 
●	 Continue work to understand and articulate the environmental effects of 
wind farms. 
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●	 What are the implications of various carbon storage techniques for land 
management choices? 
● What would it take to develop a mapping tool that helps landowners see the 
carbon impacts of different land management choices? Does one already 
exist? 
● Explore ways to bring the values held by affected individuals into the data 
analysis for siting decisions. 
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Section III 
Key Themes of the Obama
Administration’s Energy Policy as It
Relates to Land Use in the U.S.1 
Casey Pickett, Yale University 
background 
In his February 24th speech to a joint session of Congress, President Barack Obama 
outlined his vision for the economic recovery of the United States (Obama, 2009). He 
gave the nation’s energy infrastructure top billing, before healthcare and education. 
The President claimed that the country best able to capture the promise of renewable 
energy would lead the world in the 21st century. In the last year, energy infrastructure 
has gone from a somewhat obscure topic to an acknowledged issue of national 
importance. A new energy system seems to hold a special place in the aspirations of 
the President for its ability to address simultaneously three key challenges: the nation’s 
employment and economic woes; climate change; and independence from foreign oil. 
Many on the President’s staff have been quoted offering variations on the idea that 
“a crisis is a terrible thing to waste.” It is clear that the Obama Administration intends 
to push forward a major renewable energy agenda despite (or because of) the 
international economic crisis. 
Congress also is pursuing action on energy and climate change. Rep. Henry 
Waxman (D­CA), Chairman of the House Energy and Commerce Committee, and 
Rep. Edward Markey (D­MA) have introduced a draft cap­and­trade proposal that 
passed Waxman’s committee on May 21, titled H.R. 2454, the American Clean Energy 
and Security Act (House Committee on Energy and Commerce, summary 5/21/09). 
Though there is “no comparably comprehensive” bill in the Senate (Galbraith, 
5/22/09), Senate Majority Leader Harry Reid is expected to bring a combined energy 
and climate bill to the Senate floor in August 2009 (Deutsche Bank, 2009). The future 
of U.S. energy infrastructure policy will likely depend on the combination of 
Congressional and Presidential proposals. 
1 The state of national energy 
and climate policy in the 
spring of 2009 is changing 
rapidly. Different sections of 
this paper have been outdated 
throughout the writing 
process and many portions are 
likely to be out of date by the 
time the paper is read. 
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What is the difference between closed­loop and open­loop biomass?
Closed loop biomass refers to vegetative material planted specifically for use
as a source of electricity. Open loop biomass includes most other types of
plant based energy sources, including livestock wastes and solid cellulosic
materials derived from forests, land clearing debris and trimmings, con
struction and industrial wood wastes, and agricultural products. It does not
include municipal solid waste or paper (Oregon.gov).
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Within the executive branch, there is also a plan to promote land conservation 
goals. The new administration is bringing leaders from the conservation community 
into the Department of Interior and other agencies. These leaders are faced with the 
challenge of managing threats and opportunities for land conservation within the 
push for new energy infrastructure. 
broad goals of the obama administration’s energy policy 
The broad goals of the Administration’s energy policy (Obama, 2009; 
Whitehouse.gov, 2009) are the following: 
1.	 Double the U.S. supply of renewable energy by 2012. 
2.	 Install thousands of miles of transmission lines and modernize the electric 
grid. 
3.	 Implement a market­based cap­and­trade system for carbon emissions. 
4.	 Create jobs and lower bills nationwide through improved energy efficiency. 
5.	 Increase fossil fuel production in the U.S. 
6.	 Invest in low­carbon energy technologies, including carbon capture and 
storage. 
These goals and their attendant programs, along with some relevant components 
of Congressional legislation, are discussed below. 
Goal 1: Double the supply of renewable energy by 2012 
The renewable sources on which the Administration focuses are: wind, closed­loop 
biomass, open­loop biomass, geothermal, small irrigation, hydropower, landfill gas, 
marine renewable, and trash combustion facilities (ACORE, 2009). The President’s 
strategy is to increase research and development in renewable energy technology and to 
increase financial incentives for renewable energy deployment. In an initial step with 
implications for land conservation, the 2010 budget allocates $50 million to the 
Department of the Interior for the studies necessary to increase renewable energy 
production on Federal lands (OMB, 2009). Other major efforts are summarized below. 
­
­
­
­ ­
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U.S. DOE Loan Guarantee Program 
The President has several initiatives to double the supply of renewable energy by 2012. 
The first uses a program established by the Energy Policy Act of 2005 (EPAct 2005) to 
guarantee loans for advanced energy technology production. The first round of 
applications for this guarantee were accepted in 2006 for projects focused on 
transmission and electricity reliability, energy efficiency and pollution control, 
alternative fuel vehicles, carbon capture and storage, and renewable technologies— 
wind, hydropower, solar, hydrogen, and biomass (US DOE Loan Guarantee 
Program). The DOE guaranteed its first loan on March 20, 2009, in the amount of 
$535 million, to Solyndra, Inc. for production expansion of a proprietary photovoltaic 
system (Broder, 2009). The program uses $6 billion to guarantee approximately $60 
billion in loans (Deutsche Bank, 2009). 
Extending production and investment tax credits 
The production tax credit (PTC) was initially created through the Energy Policy Act 
of 1992 to reward companies producing energy from renewable sources. It initially 
applied only to wind and some bioenergy sources, but has been extended several 
times since then, most recently through the October 2008 Emergency Economic 
Stabilization Act (EESA) (Union of Concerned Scientists). 
The American Recovery and Reinvestment Act (ARRA), passed early in 2009, 
extended the existing production tax credit for companies producing energy from 
wind and refined coal through 2012, and for geothermal, small­scale hydroelectric, 
landfill gas, trash combustion, and bioenergy through 2013 (Deutsche Bank, 2009). 
Under the PTC, wind, geothermal, and dedicated­crop or closed­loop bioenergy 
generators receive 1.9 cents/kWh for the first ten years of energy production. 
Companies producing energy through open­loop bioenergy, small hydroelectric, 
landfill gas and trash combustion receive a smaller benefit (Union of Concerned 
Scientists). 
The EESA also extended another tax credit, the Investment Tax Credit (ITC), 
originally established in 2005 for commercial and residential solar energy systems. 
EESA changed the residential cost cap to provide greater benefits for larger systems 
(Union of Concerned Scientists). ARRA improves upon the EESA by allowing ITC 
credits to be swapped for PTC credits, and by providing grants through the Treasury 
Department for up to 30% of project costs in lieu of investment tax credits (ACORE, 
2009). Both of these measures allow companies to receive financial assistance up­
front, which is of critical importance during the financial crisis. 
Renewable Energy Bonds 
EPAct 2005 created the Clean Renewable Energy Bonds (CREBs) program to incent 
investor­owned utilities and private developers to provide renewable energy 
(NRECA, 2006). ARRA added to the program, dividing $1.6 billion equally among 
three types of players: public power providers; electric cooperatives; and 
state/local/tribal governments. ARRA directs the bonds toward the familiar set of 
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renewable energy sources: wind; closed­loop biomass; open­loop biomass; 
geothermal; small irrigation; hydropower; landfill gas; marine renewable; and trash 
combustion facilities (ACORE, 2009). 
Advanced Energy Manufacturing Tax Credits 
To stimulate business investment in clean energy technology, the ARRA provides $2 
billion in tax credits for manufacturing capacity. These credits cover 30% of business 
investment that will lead to increased production of components for renewable 
energy, carbon capture and storage, hybrid/electric car energy storage systems, and 
grid systems that enable increased renewable energy supply (ACORE, 2009). 
Helping farmers participate in the clean energy economy 
The 2010 budget allocates $20 billion for the Department of Agriculture to invest in 
rural small businesses, telecommunications infrastructure, and renewable energy 
systems. It specifies that USDA will help farmers realize benefits from carbon credits 
and includes an increase of $250 million in loans and grants for biofuels and wind 
power installation (OMB, 2009). 
Goal 2: Increasing and modernizing electricity transmission infrastructure 
The Administration intends major expansion of and improvements to the national 
electric grid. The chief tools it will employ are: building new high­voltage 
transmission lines; creating a National Infrastructure Bank; investing in the smart 
grid; and creating a massive infrastructure workforce training program. 
Building new high­voltage transmission lines for renewable energy 
The Obama administration’s 2010 budget proclaims that, “in order to bring 
significant amounts of renewable energy online, tens of thousands of miles of new, 
high­voltage national transmission is necessary” (OMB 2009). The Department of 
Energy budget adds to the $11 billion for transmission improvements and expansion 
included in the Recovery Act (OMB 2009). In addition, Senate Majority Leader Harry 
Reid is pushing a proposal to speed the approval of new power lines by creating 
broader Federal siting powers in newly designated Renewable Energy Zones 
(Bloomberg.com). The future of this proposal is unclear at the time of this writing. 
Increasing renewable energy transmission will take considerable sums of money. 
In early February 2009, a major grid planning effort was released. Titled “the Joint 
Coordinated System Plan,” it claimed that $80 billion will be needed in new 
transmission infrastructure to allow the Eastern Interconnection, which supplies 
power to most of the eastern U.S. and parts of Canada, to obtain 20% of its energy 
from wind by 2024 (Energy Current, 2009, and Bloomberg, 2009). 
National Infrastructure Bank 
The primary funding mechanism that President Obama has proposed for 
transmission line construction and expansion is a new National Infrastructure Bank. 
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His budget asks for $5 billion per year for the bank from 2010 through 2014, and 
includes it in the list of “major agencies” along with the EPA, Social Security 
Administration, GSA, and NASA. In addition to investing federal monies, the bank 
will coordinate public and private investment in projects of key regional or national 
economic importance (OMB, 2009). 
Developing the smart grid 
Toward the end of the 2008 campaign season the candidate Obama spoke more 
regularly about the potential for developing a smarter electricity grid. As President, 
he has made this a distinct part of his energy strategy. The 2010 budget includes 
unspecified sums for deploying “millions of Smart Meters—a key step to a Smart 
Grid” (OMB, 2009). 
Just what is a “smart grid?” The phrase refers to a basket of technologies that 
capitalize on the convergence of the internet, real­time sensing technology, and 
computation to allow the electricity grid to communicate between nodes, heal itself, 
and manage loads far more efficiently. It will give grid operators and users greater 
control and flexibility and will enable them to observe and analyze the grid at both 
greater and more granular levels of detail than before (Benedykcinski et al., 2008). 
A smart grid will not result from building more power lines. More high voltage 
lines constitute what could be thought of as a stronger grid, but not a smarter one. 
The first smart grid components President Obama’s budget targets are smart meters. 
Such devices will allow for real­time pricing at the residential level, so that users can 
save money by switching electricity use to off­peak times. Through this and many 
other technologies, a smarter grid has the potential to increase energy efficiency and 
reliability (Benedykcinski et al, 2008). 
A major driver for deploying smart grid technologies is to improve conditions for 
distributed energy generation by making it easier and more profitable for small 
producers such as homes and small companies to tie in on­site generation capacity 
to the grid. The May 21st draft of the Waxman­Markey bill includes distributed 
generation incentives. It proposes that large energy suppliers receive one 
efficiency/renewable generation credit per MWh generated, while small generators 
receive three (House Committee on Energy and Commerce, 5/21/09). 
Some smart grid technologies could benefit land conservation. Greater 
distribution of energy supply may simultaneously increase the amount of renewable 
energy used and lower the growth in the amount of fossil fuel energy demanded. It 
may also reduce average distances between electricity generators and end users, 
thereby decreasing new demand for transmission capacity. 
Investing in workforce training 
To help install the infrastructural components described above, President Obama has 
set aside $100 million for workforce development (OMB 2009). It is unclear at this 
point how the training programs will be structured. 
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2 Here are a few examples of 
allocations: 30 percent of the 
total allocation is for electrici­
ty distributors, 5 for coal pro­
ducers, 9 for natural gas dis­
tributors to mitigate cost 
impacts to consumers; 15 per­
cent is for energy­intensive, 
trade­exposed industries; 2 
percent (growing to 8 percent 
by 2027) is for wildlife and 
natural resource protection 
(Waxman and Markey, 2009). 
See bill sections 781­789 for 
more details. 
Goal 3: Implement a market­based cap­and­trade system for carbon emissions 
Reducing CO2 emissions 
The crown jewel of President Obama’s energy policy, and likely the most challenging 
part to implement, is of course a federal cap­and­trade system to reduce carbon 
dioxide emissions to “slow global warming.” The administration’s stated objective is 
to reduce emissions 14% below 2005 levels by 2020 and 83% below by 2050 (OMB, 
2009). The Waxman­Markey bill reflects and even pushes slightly beyond the 
President’s goals. It calls for reductions of 20% by 2020, 42% by 2030, and 83% by 2050 
(House Committee on Energy and Commerce, summary 5/21/09). 
A cap­and­trade system generally works by a governmental entity establishing a 
maximum amount of a substance that can be emitted by companies, then providing 
permits for discrete units of substance emission. These permits may be sold by 
companies producing less of that substance than their permits allow, to those 
producing more of it. This keeps total emissions in check while creating a flexible, 
incentivized path to for companies to reduce emissions. 
Distributing permits 
Originally, the administration planned to distribute 100% of carbon dioxide emission 
permits by auction as opposed to granting some permits for free based on companies’ 
historical emission levels. This would eliminate a perverse incentive for companies to 
raise their pollution levels before the cap­and­trade regime takes effect in order to 
claim more free permits. As the budget put it, a 100% auction would “ensure that the 
biggest polluters do not enjoy windfall profits” (OMB, 2009). 
Though a 100% auction is still the administration’s preference, the likelihood of 
such a measure passing in Congress is slim. The May 21st draft of the Waxman­Markey 
bill retains Federal auction of only 15 percent of permits, the proceeds from which will 
be used to help with energy costs for low­ and middle­income households. The other 
85 percent of permits will be allocated to a collection of interests, including: 
protecting industry from the presumed high costs of technology transition; energy 
efficiency and clean technology investments; carbon dioxide capture and storage; 
domestic and international adaptation; and prevention of international tropical 
deforestation2 (Waxman and Markey, 2009). In this scheme, after the 15 percent of 
permits auctioned for low­ and middle­income households, 61 percent go for free to 
CO2 emitters and the rest are given to stakeholders to sell to generate funds for 
pursuit of public interests such as those described above. 
President Obama’s Science and Technology Policy director, John P. Holdren, 
backed off the hard line of a 100% auction on April 8, well before the Waxman­
Markey bill passed committee, saying the administration would work with Congress 
to get a bill they could both agree on (Eilperin, 2009). This suggests that the 
administration may go along with the Waxman­Markey allocation scheme. 
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Auction revenues 
One signal of how serious the administration is about implementing a cap­and­trade 
system is its incorporation of permit revenues as a major stream of income in the 
2010 budget. The budget includes projections of $237.5 billion in “climate revenues” 
between 2012 and 2014, and $645.7 billion by 2019. It proposes dedicating roughly $66 
billion in 2012 to the “Making Work Pay” tax credit to help vulnerable communities 
adapt to a clean energy economy. The rest of the proceeds, roughly $15 billion per 
year, would go to investments in clean energy technologies (OMB, 2009). Of course, 
a large percentage of these revenues might well be unrealized if the allocations made 
in the May 21st draft of the Waxman­Markey bill become law. 
Renewable portfolio and energy efficiency standards 
In addition to the cap­and­trade mechanism, the Waxman­Markey bill includes a 
combined renewable energy and energy efficiency standard. The standard requires 
electric utilities to generate six percent of capacity from a combination of renewable 
energy and energy efficiency. This requirement rises to 20 percent by 2020. This first 
component is intended to increase demand for renewable energy by requiring utilities 
either to generate or buy energy from renewable sources. The efficiency standards 
requires that utilities either help their customers use less energy or that they buy 
credits from other utilities that document increased efficiency from their plants and 
users (Center for American Progress, 2009). 
Twenty­nine states currently have mandatory renewable portfolio standards on the 
books (five have voluntary standards), with required percentages ranging from 11% to 
25%, due between 2010 and 2025. However, many states without such standards are 
those with significant fossil fuel resources, such as West Virginia, Kentucky, Wyoming, 
Oklahoma, and Louisiana (Pew Center on Global Climate Change). By incenting 
more demand for renewable energy and, through efficiency, decreased total demand 
for energy, this Federal standard is likely to shift some pressure away from fossil fuel 
based energy producing lands and onto land offering opportunities for renewable 
energy generation. 
Feed­in tariffs 
So far the feed­in tariff concept has not appeared on President Obama’s 
agenda, though many cleaner energy advocates hope it does. The feed­in tar­
iff has been applied most successfully in Germany, and on May 27, 2009 a 
feed­in tariff law was passed in Vermont (Pew Center on Global Climate 
Change). It requires that “grid system operators” purchase renewable energy 
and sets a minimum price for such energy to guarantee that renewable ener­
gy generators can operate profitably (GRESA). 
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3 See this resource for a graphi­
cal depiction of oil and gas 
leases on land in the western 
U.S.: http://www.ewg.org/ 
oil_and_gas/maps/index.php? 
maptype=Lease_Summary 
Goal 4: Improving federal, state, and municipal energy efficiency 
President Obama’s energy plans are not focused solely on increasing supply. In his 
speech on February 24th he made a special point of the opportunity to create green 
jobs to improve building energy efficiency across the U.S. His 2010 budget aims to 
modernize Federal buildings to reduce energy costs by 25% by 2013. It also claims the 
Federal government will help state and city energy efficiency efforts (OMB, 2009). 
In 2001 Dick Cheney claimed that “conservation may be a sign of personal virtue 
but it is not a sufficient basis for a sound, comprehensive energy policy.” Despite this 
claim, energy efficiency is widely regarded as the cheapest way of bringing energy 
supply and future demand into alignment (Farrell et al., 2008). Robert Socolow and 
Stephen Pacala assert that reducing global building energy use by 25 percent would 
reduce carbon emissions by 25 billion tons by 2055 (Socolow and Pacala, 2005). 
President Obama clearly is focused on the importance of and potential for energy 
efficiency. His budget calls for weatherizing 1 million homes annually, and projects 
that the average home will save $350 per year through such weatherization (OMB, 
2009). 
Goal 5: Increasing domestic oil and gas production 
Although the direction of the nation’s energy policy has shifted dramatically since the 
Bush administration, the U.S. will not wean itself from fossil fuels any time soon. The 
U.S. currently consumes 19 million barrels of oil per day, over 60 percent of which is 
from foreign sources (Mouawad, 2009). In order to further the goal of independence 
from foreign oil, the Obama administration is pushing several initiatives to increase 
domestic fossil fuel production. 
Use it or lose it 
During the summer of 2008, when gas hit $4 per gallon, the Obama campaign began 
pushing a new proposal for dealing with domestic oil and gas leases: “Use it or lose 
it.” Under such a regime, designed to increase domestic production, oil and gas 
companies would be required to begin drilling on the 68 million acres of land and 
ocean on which they currently hold inactive leases.3 If they did not begin drilling, the 
leases would be reissued to companies that would use them (Obama­Biden, 2008). 
Though the logic behind this move is controversial, since having a lease on a piece 
of land does not necessarily mean that land contains recoverable oil or gas (WSJ, 
2008), the administration included a subdued version of the “use­it­or­lose­it” idea in 
the Department of Interior’s budget. In 2011 the DOI will begin charging fees on non­
producing leases in the Gulf of Mexico. In addition to the $582 million in Federal 
revenues this is expected to produce, the DOI hopes it will generate higher incentives 
for companies to relinquish or use their leased lands (OMB, 2009). 
Oil shale and natural gas production 
The summer of 2008 saw other pledges to increase the domestic fossil energy supplies. 
Candidates Obama and Biden promised to push forward the Alaska Natural Gas 
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Pipeline project, and to identify obstacles and speed permitting for drilling in several 
oil and oil shale formations. These include the National Petroleum Reserve in Alaska, 
the Barnett Shale in Texas, the Fayetteville Shale in Arkansas, and the Bakken Shale of 
North Dakota and Montana, which the USGS recently concluded may contain up to 
4 billion barrels of recoverable oil4 (Obama­Biden, 2008). 
Yet now that the pressure of high gas prices is off, the administration seems to be 
proceeding more slowly, at least with oil shale development. Shortly after taking 
office, Interior Secretary Ken Salazar reversed several “midnight rulings” from the 
Bush administration’s last days in office, which had opened up opportunities for oil 
and shale drilling in Colorado, Wyoming and Utah (Mouawad, 2009; Mouawad, 
2008). It is unclear how future pressures from perceived fuel shortages or prices may 
affect this administration’s treatment of oil shale development. 
Goal 6: Investing in carbon capture and storage 
From President Obama’s speeches and policy emphasis it is clear that he favors the 
new, low­carbon energy economy to the old. Yet he is constrained by increasing 
energy demands, the current state of alternative energy technology, and historically 
low tolerance among U.S. citizens for high energy costs. He cannot switch the 
nation to low­carbon energy sources alone and keep pace with growing energy 
demand. Therefore, continued use of fossil fuels, particularly coal, is almost certain, 
and, given sufficiently high prices on carbon dioxide emissions, significant 
investment into carbon dioxide capture and storage (CCS) technology is likely5 
(MIT, 2007). 
To bolster CCS, the 2009 Recovery Act included funding to demonstrate CCS 
technology by building five coal­fired power plants with integrated carbon capture 
technology (OMB, 2009). The 2010 budget also provides for CCS project loan 
guarantees under the Energy Policy Act 2005 Title 17, and increases the DOE funding 
for demonstrating geologic CO2 storage (OMB, 2009). 
Policies focusing on land conservation 
There are several components of current and pending federal policy that may help 
land conservation. President Obama’s budget includes enhancements to the 
Conservation Stewardship Program, the Conservation Reserve Program, and the 
Environmental Quality Incentives Program, included in the 2008 Farm Bill, to help 
farmers conserve land, benefit from carbon credits, and improve wildlife habitat. The 
Department of Agriculture budget includes $119 million (an increase of $34 million) 
for the Forest Land and Water Conservation Fund to purchase easements on forest 
land under threat of development (OMB, 2009). 
That these investments in land conservation measures occur in the same 
document as the aforementioned transmission, oil and gas development projects 
highlights at least a tension in the Obama Administration’s environmental strategy. 
The Administration’s goals include support for both land conservation and energy 
infrastructure efforts that threaten conserved lands (Steater, 2009). 
4 Exploiting Pennsylvania’s nat­
ural gas reserves seem to have 
remained absent from both 
candidate Obama’s campaign 
and his goals as President. 
5 For more information on 
carbon dioxide capture and 
storage see background paper 
on the topic included in this 
packet. 
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The Waxman­Markey bill also contains measures designed to support land 
conservation. It sets regulatory guidelines for the EPA Administrator to use, should 
she or he allow forestry projects to be eligible for carbon dioxide offset credits. The 
guidelines include promotion of native plant use and biodiversity, and a prohibition 
against noxious weeds and invasive species (House Committee on Energy and 
Commerce, section 741). 
After finding that “land use change, primarily deforestation, accounts for roughly 
20 percent of global greenhouse gas emissions,” the bill also proposes that the EPA 
Administrator work with USAID to establish programs in developing countries to 
avoid deforestation and to accurately account for it (House Committee on Energy 
and Commerce, summary 5/21/09, sections 751­754). 
The bill’s accommodations for adaptation also may have implications for land 
conservation. The bill originally allocates two percent of emissions permits to states 
(rising to four percent in 2022 and eight percent after 2026), for them to sell and use 
the proceeds for “projects, programs, or measures to build resilience to the impacts of 
climate change, including: 
1) extreme weather events such as flooding and tropical cyclones 
2) more frequent heavy precipitation events 
3) water scarcity and adverse impacts on water quality 
4) stronger and longer heat waves 
5) more frequent and severe droughts 
6) rises in sea level 
7) ecosystem disruption 
8) increased air pollution 
9) effects on public health”(House Committee on Energy and Commerce, 
section 453). 
The Waxman­Markey bill also proposes the establishment of a Natural Resources 
Climate Change Adaptation Panel to assess needs and develop strategies for federal 
agencies to “make natural resources more resilient to the impacts of climate change.” 
It would require federal agencies such as NOAA, and USGS, as well as states, to 
develop natural resources adaptation plans. And it would create a federal fund to aid 
in natural resources adaptation to climate change (House Committee on Energy and 
Commerce, summary 5/21/09). 
Now that the Waxman­Markey bill has passed out of its original committee, it goes 
to several others with jurisdiction. The one most likely to make major changes, or to 
hold up the bill entirely, is the Agriculture Committee. Its chief concerns relate to 
what materials are included as renewable biofuels, the assessment of emissions from 
corn ethanol production, the assignment of credit for soil management practices, and 
the impact potential energy price increases could have on agricultural interests 
(Winter, 5/21/09). 
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questions for consideration 
1)	 How do the administration’s land conservation goals and programs square 
with its energy infrastructure development and other environmental goals? 
What opportunities does this provide for the conservation community to 
engage the administration on both energy infrastructure development and 
land conservation? 
2)	 What impacts will increased federal funding for renewable energy R&D, 
investment, and production have on land conservation goals? 
3)	 What changes in the local politics of conservation could result from the 
potentially significant economic development forces stemming from energy 
development in rural areas? 
4)	 How has the conservation community been involved in shaping 
Administration goals and policy? How should and could the community 
enhance its involvement? 
5)	 What political challenges does the administration face to enacting its policy 
goals? Where and how might the conservation community help or hinder 
enactment? 
organizations and individuals doing interesting work 
●	 Michael Cragg, The Brattle Group (http://www.brattle.com) 
● Sherri Evans­Stanton, The Brandywine Conservancy Environmental 
Management Center (http://www.brandywineconservancy.org/index2.html) 
●	 Diana Farrell, National Economic Council, formerly of the McKinsey Global 
Institute (http://www.mckinsey.com/mgi/perspective/biography/index.asp) 
● Kate Galbraith, John Kanter, and Jad Mouawad of The New York Times 
Green, Inc. Blog (http://greeninc.blogs.nytimes.com/) 
● Bracken Hendricks, Center for American Progress (http://www.american 
progress.org/aboutus/staff/HendricksBracken.html) 
●	 U.S. Representative Edward Markey (http://markey.house.gov/) 
● Pew Center on Global Climate Change (http://www.pewclimate.org/) 
● Union of Concerned Scientists (http://www.ucsusa.org/) 
●	 United States Climate Action Partnership (http://www.us­cap.org/) 
● U.S. Representative Henry Waxman (http://waxman.house.gov/) 
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key takeaways from the discussion with dan reicher, google.org 
Dan Reicher, Director of Climate and Energy Initiatives at Google.Org, opened the 
workshop with his thoughts on the links between the administration’s efforts to 
promote clean energy and their implications for land conservation. Some of the key 
takeaways from his remarks and the ensuing discussion included the following: 
Clean energy is seen as an urgent subset of the response to climate change. When 
combined with its co­benefits – green jobs and energy security – the rapid deploy­
ment of clean energy technologies has powerful momentum in the current 
administration. 
Similarly, there is a growing – but still small – recognition that land conservation is
part of the climate solution. Few land trusts are involved in the clean energy or 
climate discussions – even though their work prevents emissions, helps to store 
carbon, and increases our ability to adapt, while their opposition to new energy 
facilities helps stymie their deployment. 
Need to integrate technology, policy and finance as one thinks about responses to
climate change. The energy technologies needed are at various levels of development 
and face a wide range of costs. States are still leading on clean energy policy, although 
the new administration has made it a high priority. While trillions of dollars of 
investment in clean energy are needed, investors are wary of risk, including 
environmental permitting. As such, both permitting and financing new facilities are 
leverage points for conservation advocates. 
“Energy efficiency should come first in everyone’s thinking.” – Dan Reicher, 
Google.org 
Information technology is driving better decisions about where to site clean energy
facilities. On­line tools offer an opportunity to develop new approaches to siting 
decisions, particularly regarding the engagement of affected communities. They may 
also create new ways to aggregate and understand the impacts of decentralized, local 
land use decisions – such as smart growth initiatives. 
Taken together, these developments also offer new opportunities for the 
conservation community to help say yes to “good” clean energy projects, thus 
speeding their deployment. 
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Section IV 
Siting Renewable Energy Facilities 
Livia DeMarchis, Yale University 
background 
“[T]o truly transform our economy, protect our security, and save our planet from 
the ravages of climate change, we need to ultimately make clean, renewable energy the 
profitable kind of energy . . . to support that innovation, we will invest fifteen billion 
dollars a year to develop technologies like wind power and solar power; advanced 
biofuels, clean coal, and more fuel­efficient cars and trucks built right here in 
America.” –President Barack Obama, 3/23/2009 
General information 
The United States is currently heavily reliant on nonrenewable energy sources such as 
coal, oil, and natural gas. As Figure 1 illustrates, recent data shows that renewables 
account for approximately 7% of energy consumption in the U.S. While still not a 
major portion of the nation’s energy supply, use of renewable energy sources has 
greatly increased in recent years. This session of the conference agenda will focus on 
the interaction of land conservation and certain types of renewable energy including 
wind, solar, and geothermal energy, which as of 2006 collectively provided about 10% 
of the total renewable energy supply in the U.S. (EIA, 2008). A separate session will 
be dedicated solely to biomass. 
Wind 
Wind turbines use the wind’s energy to create clean, renewable electricity. Wind 
turbines are comprised of a tower, on top of which a nacelle and a rotor blade 
component are attached. The size specification of an industrial­scale wind turbine 
differs depending on the manufacturer and the production capacity of the wind 
turbine in question, but industrial­scale turbines are all well over 100 feet 
aboveground. An industrial turbine with a lower­end production capacity has a 
maximum height of nearly 400 feet when one rotor blade is fully extended above the 
tower, and larger turbines may have a total height well above 400 feet. For utility­scale 
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wind energy production, many wind turbines are built in close proximity to one 
another to create wind plants or wind farms. These farms can take different shapes, 
ranging from numerous parallel rows of turbines on a windy plane to a single line of 
turbines built on a ridge. 
Figure 1 The role of renewable energy consumption in the nation’s energy supply, 2006 
Source: EIA (2008) 
Geothermal 
Geothermal energy sources allow the capture of heat from the interior of the Earth 
to produce electricity and the heating and cooling of buildings. The Earth’s heat 
energy can be captured from several sources: 1) the ground near the Earth’s surface 
that retains a temperature of around 50 to 60 F; 2) hot water or steam that can be 
accessed by drilling deep into the earth; and 3) geothermal reservoirs near the earth’s 
surface that are mostly located in Alaska, Hawaii, and western states. Utility­scale use 
of geothermal energy usually involves the capture and use of hot water or steam from 
reservoirs to power generators. Three types of geothermal power plants exist: dry 
steam, flash steam, and binary cycle (NREL Geothermal, 2009). 
Solar 
A variety of techniques exist to convert solar energy—the capture of the sun’s light 
and heat energy—into usable power. On a broad scale, solar energy capture is either 
passive or active. Attempts at utility­scale solar energy production involve active solar 
collection, usually using solar thermal concentrating systems or photovoltaics (PVs). 
PV cells are composed of two layers of semiconductor material, usually made of 
silicon crystals, with impurities added to give one layer a positive charge and one a 
negative charge. Electrons between the two differently charged layers of 
semiconductor are excited when sunlight enters the PV cell, and these electrons flow 
through thin wires in the cell, creating energy. Solar thermal concentrating systems 
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use “mirrors and lenses to concentrate the rays of the sun” to produce very high 
temperature, which can be used to create energy (Union of Concerned Scientists). 
The most common form of concentrating system is the parabolic trough, “long, 
curved mirrors that concentrate sunlight on a liquid inside a tube that runs parallel to 
the mirror,” and the liquid, in turn, produces steam that drives electric turbines (Union 
of Concerned Scientists). Currently, solar power is not as viable a utility­scale source 
of electricity as wind or geothermal energy, though photovoltaic power plants have 
been built in numerous locations in Europe and a number are in production or under 
construction in the U.S. The Solar America Initiative (SAI), a U.S. Department of 
Energy (DOE) initiative to increase the advancement of sophisticated solar energy 
technology, aims to make solar electricity from photovoltaics price competitive by 
2015 (U.S. DOE Solar, 2009). 
What are the impacts of renewable energy on land conservation? 
Because they produce energy without the production of greenhouse gases that 
contribute to global warming, renewable energy sources can have many long­term 
benefits for the future health of conserved land. While beneficial for the environment 
and for national energy interests because they are naturally replenished and do not 
produce greenhouse gases or other emissions, renewable energy sources are not, 
however, without problems. One of the most heated debates about renewable energy 
recently has centered on the construction of new transmission lines to connect cities 
to more potential sources of renewable energy. Environmentalists have fallen on both 
sides of the debate, as in the case of the “Sunrise Powerlink” project proposed between 
San Diego and the Imperial Valley in California (The Economist, 2009). Transmission 
is dealt with in detail in a subsequent session paper, and the following section reviews 
the environmental and land conservation concerns presented specifically by wind, 
geothermal, and solar energy. 
SUMMARY of Environmental Pros and Cons of Renewable Energy 
Energy Source Pros Cons 
Wind • Renewable Source 
• Prevents greenhouse gas 
emission in energy production 
that contributes to global 
warming 
• No air pollution 
• Negative Aesthetic Impacts 
• Possible industrial scale projects in 
previously protected areas 
• Bird and Bat Mortality 
• Habitat destruction/Land clearing 
for construction 
• Noise Impacts
• Additional transmission lines 
• Erosion from access roads 
Geothermal • Renewable Source 
• Prevents greenhouse gas 
emission in energy production 
that contributes to global 
warming 
• Very limited emissions 
• Negative Aesthetic Impacts 
• Requirement of additional 
transmission lines 
• Potential impairment of geyser and 
hot­spring activity 
• Noise Impacts
• Mineral­rich water discharge 
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Solar • Renewable Source • Negative Aesthetic Impacts 
• Prevents greenhouse gas (Large­scale project footprints) 
emission in energy • Possible new development of 
production that contributes industrial scale projects in 
to global warming previously protected areas 
• No air pollution • Requirement of additional
transmission lines 
• Waste/Toxicity risk from silicon and
heavy metals in PV manufacture
and disposal 
Photo Credit: U.S. DOE (2010) 
Wind 
Industrial­scale wind, especially, has faced opposition because of its impacts on the 
landscape and to surrounding wildlife. The National Research Council (NRC) 
recently wrote a report detailing the environmental impacts of wind energy projects. 
Many complaints about wind farms involve aesthetic issues because in many cases 
wind farms involve industrial structures sited in rural and sometimes scenic areas. In 
the northeast, turbines are often situated on ridges, making them visible from many 
areas and at significant distances. The NRC study found that regulatory review 
processes are often inadequate at addressing aesthetic impacts (National Research 
Council, 2007). Other areas of concern in the permitting and development of wind 
energy include: impacts on birds and bats (Johnson and Arnett, 2008; Militana, 
2009), noise impacts (AEI, 2009), impacts on historic places, habitat disturbance, 
construction impacts, and decommissioning concerns (State of Vermont Public 
Service Board, 2007; National Research Council, 2007). Regarding impacts to wildlife, 
the American Wind Wildlife Institute was created to further the goal of developing 
wind while protecting wildlife and wildlife habitat and has begun a number of 
initiatives, including landscape mapping of sensitive wildlife areas at potential wind 
development locations. In addition to the above concerns presented by wind 
development, there can be additional financial and tax challenges specific to siting 
turbines on land that has been preserved either by conservation easement or by sale 
or gift to a land trust. 
Geothermal 
Geothermal resources are a potentially important renewable energy source but 
present some environmental concerns. In some cases, the flow of hot springs and 
geysers has decreased or ceased near geothermal plants. Furthermore, some plants 
produce mineral­rich discharge water that needs to be handled responsibly. 
Interestingly, from a land conservation perspective, as illustrated in Figure 2, 
geothermal energy production requires a smaller amount of square­footage of land 
use for energy production than either solar energy or wind power. However, while 
geothermal plants may not use much land, they are very industrial plants and can 
pose aesthetic impacts as many geothermal resources are situated in very scenic areas 
(Kirk, Sierra Club, 1980). Geothermal plants may also present some aesthetic 
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concerns in the form of noise, and muffling techniques have had to be developed to 
limit noise from fans in the plant cooling towers (Geothermal Energy Association). 
While geothermal power plants do use renewable energy, they are not necessarily 
completely emissions free; but, even the geothermal plants with highest emissions are 
“considered environmentally benign compared with fossil fuels” (Geothermal 
Energy Association). 
BURKE, NY: A CAUTIONARY TALE FENNER, NY: A SUCCESS STORY? 
A wind farm in Burke, NY gained notoriety and In 2001, a 20­turbine wind project began
was written up in the NY Times for charges of producing energy in Fenner, NY. Since then, a
corruption in 2008. In at least two instances, local grass­roots organization, the Fenner 
town Board members signed private leases Renewable Energy Center (FREE Center), has
with the wind developer while they simultane­ been founded to educate the public on the
ously negotiated to amend zoning regulations benefits of renewable energy.While it is doubtful
to permit the turbines. The project also caused that all of its neighbors are enthusiastic about
tension between neighbors and family the project, it has engendered significant
members, some of whom were eager to sign community support. In 2006,a local radio station
profitable lease options and others of whom asked listeners to vote on the top­nine
opposed the turbines on aesthetic grounds “wonders” of Central NY, and the Fenner wind 
(Confessore, 2008). project was one of only two manmade wonders
included in the list (FREE Center). 
Figure 2 30­year land use comparison 
Source: Geothermal energy association. Used with permission. 
Solar 
Solar energy is generally thought to have very little negative impact on the 
environment, but as illustrated in Figure 2, it does require significant land use per unit 
of energy generated because of the large amount of surface area needed to collect the 
sun’s rays. Aesthetic concerns and habitat clearing are the primary issue with siting of 
solar technology on conserved land. In the opinion of some, “‘[t]he panels can be as 
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visible as large buildings, given the way they reflect light.’” (Briggs quoted in Soto, 2007). 
Such aesthetic impacts, which are a problem presented by both solar panels and thermal 
concentrating systems, can be damaging to land conservation efforts focused especially 
on the preservation of scenic settings. One recent area in which solar power has created 
controversy is the Mojave Desert, where plans have been made to generate solar power 
from seven “immense arrays or mirrors, towers, and turbines” (Revkin, 2009). In 
addition to the solar panels and thermal concentrating systems, the transmission lines 
needed to carry commercial­scale solar power to end­users are of land conservation 
concern (Mieszkowski, 2009). Beyond aesthetic concerns, environmental and health 
concerns have been raised about the toxicity of manufacturing and disposing of the 
materials used in PV cells. For example, the heavy metal cadmium is used in cadmium 
telluride PVs, and there have been worries about it being released into air and water. 
However, these photovoltaics can be made with a very thin film of cadmium and are 
generally considered safe (Zweibel, Moskowitz and Fthenakis, 1998). Environmental 
concerns have recently also been raised about silicon PV manufacture and disposal. A 
Washington Post story about China reported that the toxic byproduct from silicon cell 
manufacturing had made land unusable for agriculture and a risk to health in at least 
one village (LaMonica, 2009). 
Luz Solar Power Tower in Israel 
Photo Credit: U.S. DOE (2010) 
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Projections for development 
As Figures 3 and 4 illustrate, the energy produced by renewables has increased over 
the years and it is projected to increase even more significantly in coming decades. 
Figure 3 Primary U.S. energy production (quadrillion BTU) 
Source: EIA overview (2009) 
Figure 4 U.S. energy consumption, 1980­2030 (quadrillion BTU) 
Source: EIA (June 2008) 
Wind 
It has been estimated that onshore wind power in America will grow from a $9 billion 
industry (in 2007) into a $65 billion market by 2015 (Svenvold, 2008). Already, since 
the 1980s, almost $28 billion dollars have been invested in wind project installations. 
In May 2008, the Department of Energy released its Annual Report on U.S. Wind 
Power Installation, Cost and Performance Trends: 2007. This report provides a detailed 
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look at recent trends in the growth of wind energy across the country. As of 2007, a 
total of 16,904 MW of wind energy production capacity had been constructed in the 
United States (U.S. DOE, May 2008), and in 2007 alone, enough new wind energy was 
installed in the U.S. to serve approximately 4.5 million households (Krauss, 2008). 
The average size of wind projects installed in the U.S. in 2007 was almost 120 MW, 
which is about double the average size of projects constructed between 2004 and 
2005. The increased size of projects indicates that wind has become an increasingly 
“mature” source of energy and has gained more and more capacity to enter the 
market for domestic energy in a noteworthy way (U.S. DOE, May 2008). 
Figure 5 Annual and cumulative growth in U.S. wind power capacity 
Source: U.S. DOE (May 2008) 
As Figure 5 illustrates, wind energy has grown very significantly since the late 
1990s. Wind has been the fastest growing renewable energy sector in recent years, as 
shown in Figure 6. Both wind and other renewables have increased in annual capacity 
additions between 2004 and 2007, but wind has increased at a significantly higher rate 
than other forms of renewable energy. 
Figure 7 shows a map of onshore wind resources throughout the U.S. Some such 
maps have also been produced at the state level and can be useful to the land 
conservation community in anticipating where future wind development may be a 
possibility. 
In terms of determining where future wind projects might go, some familiarity 
with relevant siting regulations may be helpful. Federal, state and local governments 
have myriad policies on the siting of wind facilities. Detailing the specifics of 
regulation is beyond the scope of this background paper; but it is helpful for the land 
trust community to have some general familiarity with state regulatory processes in 
determining whether and how to participate in wind project permitting processes. In 
a number of states, legislatures have given one agency jurisdiction over wind energy 
siting decisions. These single agencies often are utilities commissions, environmental 
agencies, or siting boards. When a wind developer proposes a project, the review 
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process by a primary agency may include “detailed adjudicatory hearings during 
which attorneys and expert witnesses provide information about numerous issues,” 
(AWEA, 2008). Permitting performed by one primary agency can have benefits for 
developers in that a state­issued permit may constitute a comprehensive permit that 
exempts a project from further state and/or local review. Instead of giving one state 
agency responsibility for permitting projects, some states have written model wind 
ordinances or guidelines that give municipalities a framework within which to review 
wind projects. For most proposed projects, “one or more local approvals will be 
required,” (AWEA, 2008). Throughout the permitting process, numerous state 
regulatory programs related to the environment, agricultural protection, and historic 
and cultural resources are likely to be triggered (AWEA, 2008). 
Figure 6 Relative contribution of generation types to annual capacity additions 
Source: U.S. DOE (May 2008) 
Geothermal 
Figure 8 shows a map of the estimated temperatures found at 6 kilometers below 
ground. Thermal conductivity, geothermal gradients, heat flow, surface temperature, 
and the thickness of sedimentary rock are all used to estimate the subterranean 
temperature, which cannot be measured directly through normal drilling (U.S. 
DOE). As Figure 8 indicates, the majority of American geothermal resources are 
found in the western U.S. 
In the summer of 2008, the Geothermal Energy Association released a report 
indicating that 103 new geothermal power projects were underway in Alaska, Arizona, 
California, Colorado, Florida, Hawaii, Idaho, New Mexico, Nevada, Oregon, Utah, 
Washington, and Wyoming. Together, these new projects could provide almost 4,000 
MW of new energy. In addition to these new sources, about 3,000 MW of geothermal 
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capacity are already online. In January 2006, a task force estimated that 15,000 MW of 
geothermal energy would be online by 2025, and this estimate could be exceeded 
given the recent pace of development (U.S. DOE, 2008). 
Figure 7 U.S. wind resources map 
Source: U.S. DOE, NREL 
Figure 8 U.S. geothermal resource map 
Source: U.S. DOE U.S. Geothermal Resources Map (2008) 
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Solar 
Solar power will likely not grow as quickly as wind power due to the more limited 
opportunity for profit available from this form of renewable energy. However, rapidly 
advancing technology that may make solar energy more economic could change this 
trend (Soto, 2007). Figure 9 gives a general idea of the distribution of solar radiation 
resources across the country, though resources may vary somewhat with weather 
patterns. In general, deserts, which have little cloud cover and have dry air, offer the 
best solar resources – in some cases more than six kilowatt­hours per day per square 
meter (Union of Concerned Scientists). As with similar resource maps for wind and 
geothermal energy, maps such as Figure 9 can help the land conservation community 
anticipate locations of future energy development. 
In October 2008, Congress passed a solar investment tax credit that extends a 30% 
federal credit for both commercial and residential solar development for eight years. 
After the passing of this credit, industry leaders projected dramatic growth of the 
solar industry, with one industry insider suggesting that solar energy would be the 
least expensive source of electricity by 2016. As of October 2008, there were about 27 
utility­scale solar projects at “various stages of development,” which could provide 
roughly 5,400 MW of power, but many of these were on hold as tax credits were being 
worked out (SEIA, 2008). 
Figure 9 U.S. PV solar radiation map 
Source: NREL (2004) 
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How is the land conservation community responding? 
When landowners in the past have sold or given away conservation easements on 
their property, the easements have not generally contained language dealing with 
energy production. Now, statements in easements that disallow “new structures” 
stand in the way of using land for environmental purposes that landowners may 
want, including the construction of wind turbines and solar paneling (Chris Nytch, 
TNC, in personal communication to Casey R. Pickett). Given the pros and cons of 
renewable energy development, how should the land conservation community 
respond? Furthermore, how should the land conservation community respond to 
the idea of developing renewable resources on land that it owns outright? 
Wind 
Environmental organizations in general have been very positive about wind because 
of its potential to provide energy without contributing to global warming. Recently, 
numerous environmental groups, including Defenders of Wildlife, EarthJustice, the 
National Audubon Society, and the Natural Resources Defense Council, released a 
joint statement on the “Key Principles” for balancing renewable energy and land 
conservation. The statement was very encouraging of large­scale renewable energy 
development. However, it acknowledged that already­disturbed land should be 
preferred for energy development and that because of the multiple benefits provided 
by wildlands, renewable energy development should avoid impacting these sensitive 
areas. Among other things, the statement stressed that the social and ecological 
impacts of any renewable energy facility must be studied through a science­based 
design process that includes opportunities for significant public involvement 
(Defenders of Wildlife et al., 2008). The land conservation community should stay 
attuned to opportunities to offer public comment and input on the future of wind 
development. One opportunity, for example, is becoming involved with the U.S. Fish 
& Wildlife Service’s (USFWS) Federal Wind Turbine Advisory process. A Wind 
Turbine Guidelines Advisory Committee has been created by the USFWS to give 
advice and recommendations to the Secretary of the Interior about developing 
measures to avoid or minimize impacts to wildlife from onshore wind energy. 
Though the process is already well underway, there is still opportunity for the land 
trust community to provide input (U.S. Fish and Wildlife Service). 
In managing their own easements and land, land trusts have been asked to deal 
with the issue of wind power on a case­by­case basis when individual landowners 
request that their conservation easements allow for the installation of wind energy. 
Land trusts have had mixed responses to this request. The board of the Orange 
County Land Trust in Middletown, NY, for example, decided it would be responsible 
to allow for future wind turbine construction on land subject to a conservation 
easement along the Shawangunk Ridge. The decision was based on the belief that 
since easements are in perpetuity, someday it might be important to have the option 
of using the land for the production of renewable energy. While wind turbines are not 
disallowed in the easement, the land trust did retain the authority to approve wind 
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turbine construction when the time came. The language chosen in this particular case 
was simple: “‘No windmills or windtowers may be erected without the prior written 
consent of Grantee and the County of Orange,’” (Soto, 2007). 
Another land conservation organization with positive experiences around wind 
development is Save Mount Diablo, which was created over 35 years ago to help 
conserve land in the area west of the Altamont Pass, home to one of the oldest wind 
farms in America and still the wind farm with the largest concentration of turbines 
in the world. As of 2007, Save Mount Diablo had helped to create two parks—one 
including turbines—in “the heart of the wind farm region.” The organization hopes 
to work towards replacement and more careful siting of existing wind turbines to 
lessen the impacts on wildlife. Larger, slower moving turbines are more cost­effective 
and pose less of a threat to the area’s bird populations. Save Mount Diablo has found 
that the land used for wind farming can allow for the “protection of large amounts of 
open space,” (Soto, 2007). Some land trusts, however, respond differently to the idea 
of future wind project construction and are unwilling to accept easements or land 
when rights are retained to develop wind energy. The belief behind this decision is 
that wind development conflicts with the land trust’s mission. For example, a 
landowner recently wanted to give the Virginia Outdoors Foundation (VOF) 2,000 
acres of land but wanted to keep the right to develop turbines on the property’s 
ridgelines. VOF declined the donation because they have an interest in preserving 
public viewsheds (Robert Lee, VA Outdoors Foundation, in personal communication 
with Casey R. Pickett). 
If conservation easement holders are willing to allow a limited number of turbines, 
questions arise about what limits to establish. Many easement clauses now allow the 
construction of turbines to provide on­site energy use only. For example, the 
Okanogan Valley Land Council in Tonasket, Washington allowed for the following 
easement language: 
“Utilities. Construction or installation of private, noncommercial utility 
structures or systems within the Residential Homesite which are necessary 
for the permitted activities on the Protected Property, or which generate 
power from solar or wind energy, provided that they do not adversely impact 
the Conservation Values of the Protected Property,” (Soto, 2007). 
In such cases, land trusts often want to restrict a landowner from benefitting 
financially from energy development. This can create monitoring problems because 
it can become difficult to regulate whether or not someone is selling power back to 
the grid (Jessica E. Jay, Conservation Law, P.C., in personal communication with 
Casey R. Pickett). 
If a land trust decides to allow renewable energy development on some portion 
of conserved land, there is the possibility of conditioning this allowance on 
mitigation that involves conservation of an equal amount of land in an area less 
suited for renewable development. Allowing a trade­off of parcels or donating 
land for conservation to mitigate negative activity in one area has been used before 
by energy developers. For example, just this year the Virginia Outdoors Foundation 
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took an easement on 5,000 acres owned by a hydro company to make part of the land 
accessible to the public. The company wanted to do this as a public relations 
opportunity because of the bad press that similar companies had gotten (Robert Lee, 
VA Outdoors Foundation, in personal communication with Casey R. Pickett). 
Geothermal 
Very little appears to have been said by the land conservation community about 
geothermal energy development. In 1980, the Sierra Club did, however, officially 
adopt a “position of caution with regard to present geothermal technologies, to 
recognize that they cannot contribute more than a small percentage to the national 
energy supply, and to favor the advance of other methods of Earth heat utilization 
which can, for the most part, be developed independently or naturally occurring 
hydrothermal reservoirs,” (Sierra Club, 1980). It does not appear that the Sierra Club 
has updated this position since it was originally written. At the time that it developed 
its position on geothermal energy, the club also came up with a detailed list of 
recommendations for geothermal energy development and a list of areas in which it 
specifically opposes geothermal energy development (Sierra Club, 1980). 
Solar 
Because solar energy is developing less quickly than wind, the land conservation 
community has had less experience with it (Soto, 2007). However, conservation 
decisions in some areas have taken into account solar energy. For example, the 
Arizona Open Land Trust has worked with ranchers to modify easements to allow for 
solar technology and to allow for “flexibility in easement language” in order to 
accommodate what solar technology might look like in the coming decades. Other 
land trusts, however, are less comfortable with allowing solar energy on conserved 
land. The Land Trust of Napa County in California, for example, feels that solar arrays 
compromise what they are trying to achieve in preserving scenic settings. Sometimes, 
conflicts can be resolved and negative visual impacts limited by carefully siting each 
array of solar collectors for minimum visibility (Soto, 2007). 
As mentioned above, one recent high­profile case of solar power development has 
taken place in the Mojave Desert. There have been well over one hundred solar and 
wind energy plans for the desert, and Senator Diane Feinstein has asked that plans for 
12 proposed solar leases be abandoned due to potential negative impacts on desert 
habitat. A lot of the land in question was donated by the conservation group the 
Wildlands Conservancy, and Feinstein claims that, though the Bureau of land 
management says the only restriction of the donation is that mining not take place on 
the land, developing the land is contrary to the land’s intended use (Felsinger, 2009). 
questions for consideration 
1)	 How should climate change impact the priorities of land trusts with regard 
to renewable energy? What balance should be struck between managing the 
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short­term impacts of renewable energy facilities and the long­term 
impacts of climate change? 
2)	 To what degree is renewable energy compatible with land conservation? 
3)	 How should the different “public goods” of renewable energy, open space, 
habitat conservation, and aesthetics be weighed against one another in 
siting renewables? 
4)	 What are the opportunities for conservation groups to engage in planning 
the future of renewable energy? For example, how can the land trust 
community become more involved in the Federal Wind Turbine Advisory 
Process? 
5)	 What are the mitigation opportunities? What form should mitigation take 
and should monetization of conservation values play a role? 
6)	 How can the impacts of wind turbines on conserved land be limited? 
Burying lines? Strict decommissioning plans? 
7)	 Does limiting wind energy production on conserved land to production for 
on­site energy use only make sense? 
8)	 How can small­scale community energy production fit into this discussion? 
9)	 Should easements make more allowances for renewable energy? What 
language might or might not be appropriate? 
organizations and individuals doing interesting work 
●	 American Wind Energy Association (http://www.awea.org/) 
● American Wind Wildlife Institute (http://www.awwi.org/initiatives.php) 
● Federal Wind Siting Information Center (http://www1.eere.energy.gov/wind 
andhydro/federalwindsiting/) 
● Land Trust Alliance (http://www.landtrustalliance.org/) 
● Maine Coast Heritage Trust (http://www.mcht.org/) 
●	 Mark Z. Jacobson, Stanford University (http://www.stanford.edu/group/ 
efmh/jacobson/) 
● National Audubon Society (http://www.audubon.org/campaign/testimony 
_0507.html) 
● New Jersey Conservation Foundation (http://www.njconservation.org/html/03­
02 09PreservedFarmEnergy.html) 
●	 New York State Department of Agriculture and Markets (http://www.agmkt. 
state.ny.us/AP/agservices/constructWind.html) 
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●	 U.S. Fish and Wildlife Service Wind Turbine Guidelines Advisory Committee 
(http://www.fws.gov/habitatconservation/windpower/wind_turbine_advisory 
_committee.html) 
●	 Vermont Land Trust (http://www.vlt.org/index.html) 
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environmental considerations for wind energy facilities and
land conservation 
paul g. risser, university of oklahoma 
Introduction 
The siting, construction and operation of wind­energy facilities affect the natural, 
cultural and economic values of the land. Although the scientific basis for the analyses 
is still relatively immature, there are estimates of the impact of large­scale wind farms 
on biological components, particularly birds and bats. In addition, there are methods 
for evaluating scenic impacts of wind farms and simple models for economic 
impacts. 
Environmental impacts 
The National Research Council recently conducted an evaluation of the 
environmental impacts of wind energy projects (National Research Council 2007), 
with an emphasis on the Mid­Atlantic Highland region but inclusive of the United 
States. Wind turbines cause fatalities of birds and bats, although species are 
differentially vulnerable depending on their abundance, habitat preferences and 
behavioral patterns. There is no national standard sampling protocol and studies of 
fatalities have only been conducted over the last few years. Thus, aggregating data 
from various sites collected with different methods and schedules, mostly over short 
durations, requires that the generalizations be viewed with caution. Acknowledging 
these uncertainties and attempting to reconcile sampling differences, the following 
are the best estimates for fatalities in North America (north of the Mexican border). 
Per turbine per year Per MW per year 
All birds 4.27 2.96 
Raptors 0.03 0.02 
Passerine birds constitute about 75% of the total fatalities from wind turbines, with 
the lowest percentage (68%) in the Northwest. About half of the deaths are nocturnal 
migrants and half are resident birds. Raptor deaths can be quite high at individual 
sites, such as the notorious Altamont Pass site in California where there are also high 
rodent populations, but other sites have low numbers of raptor fatalities. 
Bat fatalities are quite variable, ranging from 15.3 – 41.1 per MW per year on ridge 
tops in the Appalachians to 0.8 to 8.6 in the Midwest. Migratory, tree­roosting bat 
species appear to be the most susceptible. Eleven of the 45 known North American 
(north of the Mexico border) species of bats have been found as casualties, 75% of 
which are from three species, all of which have long migration routes. No threatened 
or endangered bats have been identified as casualties. There have been a few instances 
of high mortalities at wind farms where large local bat populations exist, such as that 
of the Brazilian free­tailed bat in Oklahoma. 
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There are few guiding generalities for locating turbines to minimize bird and bat 
fatalities. In the eastern part of the country, turbines placed on ridges appear to have 
higher probability of causing bat fatalities. Bird species with long migration patterns 
appear to travel in broad fronts. With these flight patterns there is some indication of 
higher fatalities with low wind velocities and with thermal inversions or when low 
clouds force birds to lower elevations as they pass over ridges where they are more 
likely to collide with turbines. Obviously, migratory species are more vulnerable 
during migration periods. Fatalities probably have greater detrimental effects on bat 
and raptor populations than on most bird populations because of the 
characteristically long life spans and low reproduction rates of bats and the relatively 
low abundance of raptors. Overall, the impact on bird populations is probably minor, 
but that estimate is difficult to make because we do not know the denominator (total 
bird population). Local or even regional impacts could be significant. 
Other environmental impacts include such considerations as noise, shadow flicker 
and visual (aesthetic) effects. For example, a single turbine has sound power level of 
50­60 decibels db(A) at a distance of 40 meters, about equal to a normal conversation. 
There are several methodologies for evaluating visual impacts (e.g., US Forest Serve 
Scenery Management System) of projects such as wind turbine farms. Some 
guidelines suggest a 10­mile radius, unless the project is viewed from a sensitive area. 
The most significant impacts are likely to be found within 3 miles of the project, but 
depending upon the terrain and conditions, turbines can be seen for 20 miles or 
more. 
Habitat impacts 
Among the largest impacts of siting and operating wind energy facilities is the 
alteration of habitat. These disturbances occur during construction and operation of 
the turbines, but also from the service roads and buildings and from the installation of 
transmission lines. Disturbance around turbines varies with information source and 
geography, for example in the west the Bureau of Land Management estimates 3 acres 
per turbine whereas studies in Tennessee estimate one acre per turbine (Arnett 2007). 
The “depth of the edge influence” from cleared areas varies with the species, but for 
many forest­dwelling species, it is 100 m; for some invertebrate taxa, the influence is 
over 200 m and greater than 340 m for cerulean warblers (Dendroica cerulean). Total 
breeding bird densities were lower on Conservation Reserve Program (CRP) lands 
with turbines compared to those without turbines in southwestern Minnesota. 
Densities of birds were remarkably lower to within 80 m of the turbines. Other studies 
show lower densities within about 100 m of the turbines (Leddy, et al. 1999). 
The lesser prairie chicken (Tympanuchus pallidicinctus), an umbrella species, has 
suffered a large population decline over the last century due to loss and fragmentation 
of habitat and the increasingly fragmented populations and reductions in habitat 
connections in the short­ and mixed­grass prairie, sand­sagebrush and shinnery­oak 
ecosystems in the Southwest. Between 25 and 60 square km are needed to support a 
single lek and habitat continuity is needed for genetic maintenance of populations. 
Farther east, greater prairie chickens (T. cupido) appear to stay at least 0.5 km from 
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power transmission lines. The USFWS has recommended that turbines be 
constructed no closer than 8 km (5 miles) to prairie grouse leks (Pruett, et al. 2009). 
Impacts and land conservation 
In 2008, 8,358 MW of new generating capacity were installed, shattering all previous 
records and boosting the nation’s capacity by 50% with $17 billion in investment, 42% 
of all the new power producing capacity last year, and reducing about 44 million tons 
of carbon emissions (AWEA). The nation’s total generating capacity is 25,170 MW, 
producing enough power for 7.0 M households. Because of the economic conditions 
in the last quarter of 2008 and in 2009, orders for turbines are down drastically. 
Nevertheless, especially under the current administration, continued growth can be 
expected in wind farms (and other renewable energy), and the relationship between 
these facilities and land conservation will continue to escalate. 
The Clean Renewable Energy and Economic Development Act, introduced in the 
Senate on March 5, 2009, would establish a streamlined planning and siting process for 
transmission lines. The bill directs the President to designate “renewable energy zones” 
that have at least 1,000 MW in renewable energy potential but lack transmission. 
Under the planning process, the Federal Energy Regulatory Commission (FERC) 
would certify one or more organization(s) as the regional planning entity(ies) for a 
transmission interconnection. The objective would be to enhance transmission access 
for electricity from renewable energy zones, while recognizing economic, reliability 
and security goals. The planning process would also be based on established and 
projected federal and state renewable energy policies and targets. 
The Secretary of the U.S. Department of the Interior (DOI) recently issued a 
Secretarial Order that makes the production, development and delivery of renewable 
energy one of the highest priorities for DOI, and proposes to establish specific zones 
on U.S. public lands where DOI can facilitate a rapid responsible move to large­scale 
production of wind, solar geothermal and biomass energy. 
In the State of Washington, developers are required to acquire and then manage 
replacement wildlife habitats for the life of the project, unless the development occurs 
on land with little or no wildlife habitat value (under cultivation or otherwise 
developed or disturbed) (Arnett 2007). The acquisition of replacement habitat is 
guided by five criteria, namely, this habitat must be: 
● comparable to habitat disturbed by development; 
● given legal protection; 
● protected from degradation during the life of the project; 
● in the same geographic region as the project; and 
● be jointly agreed to by the developer and the Washington Department of 
Fish and Wildlife. 
The size of the replacement area depends on the value of the land to be disturbed 
by the project. Alternatively, the developer can pay an annual median fee of $55.00 
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(which can be adjusted depending on the value of the land) and the Washington 
Department of Fish and Wildlife will purchase and manage high­value wildlife 
habitat in the same geographic region as the wind development project. 
In recent years our ability to design and select conservation offsets has increased 
significantly (Kiesecker, et al. 2009, Lovell and Johnson 2009). Quantitative site 
selection tools such as Marxan provide a transparent and rule based approach to 
guide site selection (Arponen, et al. 2007). While these methods require considerable 
data and analyses, today’s GIS systems of federal, state and local agencies frequently 
can provide much of the required information. 
Conclusion 
As a renewable energy source, the use of wind energy reduces the country’s reliance 
on other energy forms which are destructive to wildlife and their habitats. And yet, 
the installation and operation of wind­energy facilities reduce the quality of or 
destroy habitats which affect wildlife; birds and bats are killed by wind turbines. The 
discussion above indicates that research to date allows us some ability to evaluate the 
environmental impacts of wind energy. There are uncertainties around virtually all of 
the numerical data and we cannot unequivocally answer such basic questions as 
(Arnett 2007): 
● The extent to which strings of turbines effectively fragment grassland 
habitat. 
● How inferences about avoidance of trees and tall anthropogenic structures 
by birds transfer to avoidance of wind turbines 
Despite the relative immaturity of the science surrounding wind energy, tentative 
conclusions can be drawn about its relation to land conservation: 
1.	 Wind­power facilities degrade the environmental quality of habitat, 
although the degree of degradation depends on the status of the land before 
development of the wind farm. Thus, all other considerations aside, 
building and operating wind farms on disturbed sites is preferable. Least 
preferable is wind power development on large, intact, undisturbed sites. 
2.	 Criteria and standards could be established for high­risk sites for groups of 
species and any designated “critical habitats” in a state­by­state or regional 
basis, and developers could be required to avoid impacts to those areas. 
Examples might include locations important to threatened and endangered 
species or in large, un­fragmented native habitat (Arnett, et al. 2007). The 
value of these critical habitats could be monetized and this value could be 
used in any land conservation action. In addition, the required offset (see 
#4) would be higher if the land conservation transaction occurred in these 
critical habitats. 
3.	 Results from attempts to evaluate the economic impacts of wind­energy 
facilities on land values have been uneven. NextEra, a subsidiary of the FPL 
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1 For an analysis of the poten­
tial for wind to provide 20% of 
US electricity by 2030, see the 
report by the Department of 
Energy at http:/www.20per­
centwind.org/. 
Group, argues that land values do not depreciate with adjacent wind farms, 
but the company recently guaranteed residents’ property values by paying 
fair market value for a home that doesn’t sell or paying the property owner 
the difference if a home sells for an amount below the appraised value 
without turbines. This depreciated value represents another measure of the 
impact of wind­power facilities on conservation lands. 
4.	 Using the most recent conservation offset tools, when negotiating 
conservation easements, land conservation managers could require 
conservation offsets in return for allowing wind­energy development. 
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key takeaways from the discussion 
Paul Risser, Chair of the National Research Council’s Committee on the 
Environmental Impacts of Wind Energy Projects, and Kaarsten Turner Dalby, Senior 
Director of Ecological Services at The Forestland Group LLC (a timber investment 
firm), started the discussion around the siting of renewable energy facilities. Among 
the key takeaways from the dialogue were the following: 
Scientists have methods to assess the environmental impacts of wind or solar
energy projects, but not the long­term data sets needed to be confident in the 
results. Predictive models are getting better, however.1 
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While many different groups have offered guidelines for site selection, there is a
clear need to combine them into national guidelines that can be used across the 
country. There appears to be an opportunity to build on work already being done in 
the administration to articulate guidelines for the siting of energy facilities on 
federal lands. 
Conservation offsets should be required for all new wind/solar facilities as a way to 
compensate for their impacts on habitats and other ecosystem services, particularly 
water and carbon. 
Conservation finance and acquisition programs often apply rules that limit the
ability to site renewable energy facilities on conserved lands – even when they are 
consistent with the conservation values being protected (such as on farms or working 
forests). Provisions on floating zones, height restrictions, allowable uses, and similar 
topics should be re­evaluated in light of the need to use more clean energy, while the 
working lands purposes of the easement should be used to govern any ambiguities in 
the language. 
There is a need to move toward pre­approval of areas in which energy development
is appropriate and those where it is not. At the same time, concerns about mapping 
were expressed, as they can attract as much opposition as support. The potential for 
using maps to help obtain public input and work though areas of conflict toward 
siting agreements seemed to outweigh these concerns. 
“We are learning the benefits of saying yes to new, clean energy projects.” 
—Nathanael Greene, NRDC 
A number of environmental organizations are already doing more in the area of
mapping energy resources and conserved lands. For example, NRDC has prepared 
maps of both US renewable energy potential (http://www.nrdc.org/energy/ 
renewables/default.asp/), as well as sensitive areas in the West (http://www.nrdc.org/ 
land/sitingrenewables/). 
The renewable energy industry is also learning that the best way to address the
environmental impacts of their projects is by partnering with organizations who 
care – such as Bat Conservation International. In fact, the American Wind and 
Wildlife Institute (http://www.awwi.org/) was formed to help these two 
communities understand their differences and identify possible ways forward. Its 
members include a wide range of environmental organizations and wind energy 
businesses. 
These efforts offer clear opportunities for land trusts to engage at either the project
or regional levels. This suggests a potential new, regional role for Land Trust Service 
Bureaus in helping local land trusts navigate these broader waters on project 
proposed for their towns. 
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“The land conservation community does not like to see things change – that 
is barrier number one.” – Judy Anderson, Community Consultants 
“The aesthetics discussion divorced from a broader framework of the many 
challenges facing society is very frustrating to me as a climate scientist – I do 
not see how it is possible to keep land unchanged forever.” – Jim Dooley, 
Joint Global Change Research Institute 
Whose aesthetics count and what processes should be used to decide what
aesthetics will control any particular project are huge issues for conservation
organizations trying to decide what position to take on renewable energy projects. 
While federal and state processes exist for public input on aesthetics and new 
methods are being developed for public input on viewsheds, the land trust 
community needs to better understand the state of knowledge on how the public 
perceives beauty and makes aesthetic choices. 
Whose values count raised a host of questions linked to ownership – of conserved 
land, of wind and sun. Do both involve the private appropriation of public goods – 
either wind or scenery? Is there a role for the public trust doctrine in the ownership 
of either to help ensure that both public and private interests are accommodated? 
Does such thinking pose threats to the very foundation of private land conservation 
through private ownership of rights to land? A striking mix of ownership and ethical 
questions were posed by comparing the opposition to mountaintop removal coal 
mining (see Section VI below) to the construction of offshore wind turbines. 
“Is it ethical or appropriate to let private transactions permanently bind uses 
of land?” 
– Dan Reicher, Google.org 
The traditional response to these questions of change and public interest has
regarded the ability of governments to condemn land to put it to a higher public 
use. Few conservation easements are dynamic and include provisions allowing for 
change. One potential response is for land trusts to consider including floating zones 
that allow for changes over time based on best science, new regulations/policies, or 
other public values. 
“Huge areas of the U.S. have wind resources, why should already preserved 
sites be the first place to look to site new turbines?” 
– Rand Wentworth, Land Trust Alliance 
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One of the concerns over condemnation powers is that conserved sites will be
targeted first for new energy developments – as they are often cheaper and may 
raise less political opposition than taking someone’s home. The general consensus 
was that, in addition to opposing such takings, the conservation community needs to 
be part of the solution by helping to site clean energy facilities on less critical 
habitats/open spaces. 
Ultimately, conservation groups will not be able to stay on the sidelines – they will 
need to decide how they want to engage on renewable energy projects. The response 
to climate change requires rapid action at large scales. Energy efficiency and 
decentralized solutions will not be enough – although much more can be done in 
those areas. At a minimum, the conservation community should agree and push its 
recommendations for assessment and siting guidelines more widely. The new 
administration offers a hopeful place to start. 
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Section V 
Siting Electrical Transmission and
Distribution Lines 
Livia DeMarchis, Yale University 
background 
As President Obama recently stated in his address to the joint session of Congress, 
“We will soon lay down thousands of miles of power lines that can carry new energy 
to cities and towns across this country,” (Obama, 2009). Land trusts must be 
informed and ready to participate in the discussion about transmission line 
expansion because it will inevitably impact areas of conserved land. 
General information 
Construction of new transmission and distribution lines is required when the capacity 
of lines is insufficient to prevent transmission congestion. Transmission congestion 
happens when planned or actual flows of electricity on a power line or other piece of 
transmission equipment are reduced to a level below what is desired because of either 
the physical or electrical capacity of the equipment, or because of restrictions enforced 
to protect the reliability and security of the power grid. Electricity consumers can be 
adversely impacted by transmission congestion for multiple reasons. If a large section 
of a power grid is seriously congested or constrained, it might be necessary for grid 
operators to restrict service to some consumers to protect overall grid reliability. In 
addition, when transmission congestion constrains the amount of power that can 
safely be transmitted to a load center (the area where the energy will be used) from a 
desirable energy source, a more expensive alternative source of power must be found. 
In many areas, the costs of transmission congestion do not justify investments in 
infrastructure to change the situation; however, in other areas, congestion costs can be 
quite high and some methods of alleviating constraints are needed. More than one way 
to eliminate or reduce transmission constraints exists. Possibilities include: new 
transmission construction, new generation construction close to a major load center, 
or demand­side management (U.S. DOE, Feb 2006). 
Photos from the U.S.
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Figure 1 Critical congestion area and congestion Figure 2 Critical congestion area and 
areas of concern in western interconnection congestion area of concern the in the
eastern interconnection 
Source: U.S. DOE (February 2006) Source: U.S. DOE (February 2006) 
The U.S. Department of Energy’s 2006 National Electric Transmission Congestion 
Study classified congested areas into three different classes: critical congestion areas, 
congestion areas of concern, and conditional congestion areas. Critical congestion 
areas include Southern California and the Atlantic coast area from metropolitan New 
York to Northern Virginia. Congestion Areas of Concern consist of New England, the 
San Francisco Bay area, the Seattle/Portland area, and the Phoenix/Tucson area. 
Conditional Congestion Areas, on the other hand, include Montana­Wyoming, the 
Southeast, Illinois, Indiana and Upper Appalachia, the Dakotas­Minnesota, and 
Kansas­Oklahoma (U.S. DOE, Feb 2006). 
The Energy Policy Act of 2005 created a new section of federal law, “SIETF”, related 
to siting interstate electric transmission lines. Under SIETF, the Secretary of Energy 
must, from time to time, perform a nationwide study on electric transmission 
congestion. Based on studies, such as the one discussed above, the Secretary must 
issue a report that may designate “National Interest Electric Transmission Corridors” 
(National Corridors) in areas that are experiencing transmission capacity limitations 
or congestion. Once such a designation has been made, SIETF allows the Federal 
Energy Regulatory Commission (FERC) to permit public utilities to build or modify 
electric transmission facilities in the national interest corridor in certain situations. 
Such a permit from FERC allows a utility to exercise eminent domain to obtain 
needed rights­of­way within a national interest corridor. Even though this power of 
eminent domain cannot be used across property owned by a state, SIETF could allow 
for the preemption of a state’s control over the siting of electric transmission facilities 
(McLaughlin, 2008). Some state statutes currently in force may serve to mitigate the 
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taking of conserved land for transmission line construction. For example, the 
Virginia Open­Space Land Act, adopted in 1966 to authorize the creation and 
enforcement of conservation easements, provides restrictions on the conversion or 
diversion of land encumbered by an open­space easement unless certain mitigation 
requirements are met (McLaughlin, 2008). 
In addition to studies and plans being made to address transmission congestion 
generally, there has been specific interest recently in “green” power line proposals. 
Early this year, Senate Majority Leader Harry Reid proposed to use federal eminent 
domain to establish transmission lines specifically for green power, or power 
produced from renewable sources such as wind and solar energy. The proposal 
would allow FERC to use eminent domain to construct transmission lines across 
the country if needed and if regional planning entities do not develop plans for 
transmission line location. Reid’s proposal has faced opposition from senators who 
disagree with giving the federal government so much authority and who question 
the requirement that the power lines carry primarily green energy. The argument 
behind Reid’s proposal is that the county lacks sufficient capacity to distribute 
energy from solar and wind resources that are located in areas of low population 
density (Mascaro, 2009). Figure 5, below, shows the transmission expansion that 
will be needed by 2030 to accommodate all new electrical generation, including 
wind energy. 
The Center for American Progress has also recently released a report and “action 
plan” focused on building a “national clean­energy smart grid.” The report 
advocates a grid that includes two specific components: “an interstate transmission 
‘sustainable transmission grid’ that will transport clean utility­scale renewable 
energy long distances to market, and a digital ‘smart distribution grid’ to deliver 
this electricity efficiently to local customers” (Hendricks, 2009). The “smart grid” 
plan also advocates the construction of more transmission lines to allow new large­
scale renewable energy sources to be connected to the national grid (Hendricks, 
2009). 
While transmission lines to carry green power may sound like an environmental 
idea, their practical implications have come under criticism from land trusts and 
other environmental groups. A rapid increase in construction of transmission lines 
can easily lead to increases in power generation from dirtier power sources, even if 
the lines are intended to carry clean energy. An impact analysis by the Union of 
Concerned Scientists in 2008 found that in the mid­Atlantic region, the construction 
of projects being publicized as supporting renewables would actually result in an 
increase of carbon dioxide emissions high enough to eliminate the benefits of the 
area’s Regional Greenhouse Gas Initiative. Power systems favor “least­cost” 
generation facilities, so even if new transmission lines are meant to foster renewable 
energy, because renewable energy is more expensive than coal and other energy 
sources, it will still not be used as much as the dirtier energy sources (Pennsylvania 
Land Trust Association, 2009). In California, the Sierra Club and the Centre for 
Biological Diversity have actively opposed the construction of the Sunrise Powelink 
project to bring renewable energy from the Imperial Valley to San Diego. The 
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organizations want a guarantee that the transmission lines will only by used to 
transmit renewable energy (The Economist, 2009). 
What are the impacts of transmission lines on land conservation? 
Transmission corridor and transmission line construction can have significant 
impacts on conserved land in terms of aesthetic impacts and habitat disruption. 
When transmission corridors are cut into protected land they often indiscriminately 
cross bucolic views, lake and river resources and undisturbed woodland. 
Transmission lines themselves are “industrial eyesores” and cannot be concealed once 
constructed. Furthermore, as they cross different ecosystems, transmission lines can 
fragment habitat and lead to the clearing of sensitive vegetation. Refuge managers for 
the Upper Mississippi National Wildlife and Fish Refuge, for example, have attempted 
to limit transmission lines to specific, clearly defined rights of way to prevent added 
intrusion into habitat (Cusick, 2009). 
In addition to significant aesthetic and habitat impacts, transmission lines can 
hamper recreational use on conserved land because they may cross popular bodies of 
water and hiking or biking paths. On the flip side, transmission corridors may create 
new access paths into previously inaccessible areas, disrupting wildlife by 
encouraging human recreational activity in areas that had previously been 
undisturbed (Public Service Commission of Wisconsin). 
Transmission lines proposed in areas of rich farmland, for example in the Midwest, 
also have the potential to remove valuable conserved farmland from production. 
High quality farmland in transmission corridors can be damaged over time by soil 
compaction, water drainage disruption and other effects connected with 
transmission line construction and maintenance (Cusick, 2009). 
Projections for development 
While it is instructive to discuss the possibilities of controlling energy demand 
through energy conservation measures, it is unrealistic to believe that the growth of 
overall power consumption can be significantly curbed (at least in the near term). 
Figure 3 Electricity end use (billions kilowatt­hours) 
Source: EIA Review (2009) 
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Electricity use, especially use by residential and commercial sectors in the United 
States, has experienced a steady increase through the last several decades. Projections 
indicated that commercial and residential demand for electricity will continue to 
increase steadily throughout the next two decades as well, though interestingly, 
industrial use is expected to stay relatively level (Figures 3 and 4). 
Figure 4 Annual electricity sales by sector, 1980­2030 (billions kilowatt­hours) 
Source: EIA Outlook (2008) 
The consistent pace with which electricity consumption has continued to rise in 
the United States means that increasing transmission line capacity cannot be avoided. 
It remains to be seen exactly how much, and not whether, additional electricity 
infrastructure will need to be built. As discussed above, even renewable energy 
sources need additional transmission infrastructure to make their power accessible to 
centers of population density. Maps have been made, for example, projecting the need 
for transmission line expansion requirements as wind becomes a more prevalent 
source of electricity (Figure 5). 
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Figure 5 All new electrical generation including wind energy would require expansion of U.S. 
Source: U.S. DOE Office of Energy Efficiency and Renewable Energy (May, 2008) 
How is the land conservation community responding? 
Many members of the land trust community have been upset by proposals to increase 
transmission line construction in undisturbed areas. Some have taken a strong stance 
and have actively engaged in legal battles related to transmission expansion. The 
Piedmont Environmental Council (PEC), for example, joined other parties in 
bringing a suit against rules set by FERC in implementing the Energy Policy Act of 
2005. The decision in the recent case decided in favor of PEC and its coparties 
“upholds a State’s right to reject a transmission line project without fear of the federal 
government stepping in to overrule that State’s determination” (Lazaro, 2009). 
One focus of organizations opposed to new transmission line construction has 
been finding alternatives to reduce increased transmission needs. Many in the land 
trust community believe that more research is needed into the role of local 
communities in energy production. Local energy generation can reduce the demand 
for externally produced energy, decreasing the need for transmission lines. For 
example, community wind projects, which are typically built on a smaller scale than 
commercial projects, can be developed to serve local needs where transmission 
systems are currently limited (Mazza, 2008). Some states have taken the lead in 
incorporating non­transmission alternatives into plans to address electric system 
needs. For example, Vermont has created the Vermont System Planning Committee 
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to facilitate a full consideration of cost­effective non­transmission alternatives to 
building new transmission projects (Vermont Systems Planning Committee website). 
In addition to community­scale energy, alternatives to building new transmission 
lines that should be considered and perhaps advocated by land trusts include: 
replacing or upgrading existing lines, corridor sharing, and underground electric 
transmission lines (Public Service Commission of Wisconsin). 
While many in the land trust community have been actively opposing increased 
transmission lines, many members of the environmental community more broadly 
do believe that increased transmission is needed to make renewable resources more 
readily accessible. In a recent statement on the “Key Principles” surrounding the 
balancing of renewable energy and land conservation written by numerous 
environmental groups, it was stated that new transmission lines should be sited in 
such a way that they may easily serve renewable resources as opposed to expanding 
carbon­intensive electrical generation (Defenders of Wildlife et al., 2008). 
questions for consideration 
1)	 To what degree might new transmission lines be compatible with land 
conservations? Are they compatible at all? 
2)	 Are new transmission facilities really necessary? 
3)	 Are there feasible alternatives to locating transmission facilities on land that 
has been protected because it has significant conservation or historic 
values? 
4)	 If the facilities are determined to be necessary and there are no feasible 
alternatives, can the impact of the facilities on the conservation and historic 
values of the land be minimized (e.g., can the lines be buried)? 
5)	 If transmission facilities are constructed on conserved land through a taking 
by eminent domain, what compensation should be paid to the holders of 
conservation easements upon such takings? How should the public value of 
the good taken be valued? 
6)	 To what extent can better regional­scale planning limit conflicts between 
land trusts and transmission facilities? And what are the best models for 
conservation organization involvement in such planning efforts? 
7)	 Upon takings of land for transmission facilities by eminent domain, can the 
conservation easements be subordinated to the rights­of­way for the 
facilities (as opposed to extinguished) so that when the need for such 
facilities passes the land is still protected? 
8)	 How should the issue of monetization of conservation values play a role in 
the context of energy infrastructure? Should it play a role at all? 
9)	 To what extent can mitigation credits be used to offset the negative impacts 
of transmission line construction on conserved land? 
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organizations and individuals doing interesting work 
●	 Nancy McLaughlin, University of Utah (mclaughlinn@law.utah.edu) 
● Chris Miller, Piedmont Environmental Council of Virginia
 
(http://www.pecva.org/anx/index.cfm)
 
●	 Pennsylvania Land Trust Alliance
 
(http://conserveland.org/pp/Transmission/index)
 
● Upper Delaware Preservation Coalition (http://www.udpc.net/) 
●	 Public Service Commission of Wisconsin
 
(http://psc.wi.gov/utilityinfo/electric/newsinfo/smartgrowth.htm)
 
● Vermont System Planning Committee
 
(http://www.vermontspc.com/default.aspx)
 
● Center for American Progress 
(http://www.americanprogress.org/issues/2009/02/wired_for_progress.html) 
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congressional testimony of chris miller, president
environmental council 
Congressional Subcommittee on Energy and the Environment 
Committee on Energy and Commerce 
United States House of Representatives 
Hearing on the Future of the Grid: Proposals for Reforming National Transmission 
Policy 
June 12, 2009 
Thank you, Mr. Chairman, for this opportunity to testify today. My name is 
Christopher G. Miller and I am President of the Piedmont Environmental Council 
(PEC), a non­profit organization working to safeguard the landscapes, communities 
and heritage of the Virginia Piedmont by involving citizens in public policy and land 
conservation. PEC has been an active participant in energy and transmission 
planning since our inception in 1972, most recently as a Respondent in a state 
proceeding considering the proposed Trans­Allegheny Interstate Line project, and in 
the Department of Energy’s proceedings on implementation of §1221 of the Energy 
Policy Act of 2005. 
On April 27, 2007, I testified before the House Committee on Government 
Oversight and Reform about the implementation of §1221 of the Energy Policy Act of 
2005. A section we still believe should be repealed. And in July of 2007, PEC joined 
with the utility commissions in a successful challenge to Federal Energy Regulatory 
Commission’s (FERC) interpretation of §1221.1 
Our participation in these proceedings has given us a very practical insight into 
electrical transmission and the strengths and weaknesses of current federal policies. 
And we appreciate the opportunity to provide this testimony as the Committee 
continues its consideration of the appropriate federal role in transmission policy. 
As a land use and land conservation organization PEC deals with transmission not 
just as an energy issue, but also as a particularly intrusive land use. Current 
engineering of high voltage electric transmission has a substantial footprint, 
requiring rights of way that often exceed 200 feet in width and tower heights that can 
exceed 180 feet. In addition to the impact on the properties that these lines cross, the 
impact on cultural, historic and economic interests of the surrounding areas cannot 
be ignored. In some cases, land protections take the form of public ownership, such 
as Federal and state park lands. But in other cases, environment, historic or scenic 
values have been protected by tools such as conservation easements. We believe that 
the potential conflicts should be avoided whenever possible and adequately 
mitigated. 
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the greenwashing of transmission lines 
As important or more important than the potential impacts and conflicts with other 
public policies is that the current and proposed transmission policies may produce a 
transmission grid that is over­built, overly complex and subject to reliability 
problems, and encourages increased reliance on fossil­fuel generation rather than 
distributed renewable generation, energy efficiency, conservation, and load 
management. Expanded, guaranteed, enhanced, virtually risk­free regulated returns 
on transmission investments and economic dispatch will increase use of coal based 
power plants and result in increased greenhouse gas emissions. Those emissions will 
not be subject to financial and regulatory controls for years, even under this 
Committee’s proposed legislation. 
Three years ago the utilities were claiming that they must ’build, build, build’ for 
reliability reasons. That pressure has been removed by the drastic economic 
slowdown and the initial commitment to energy efficiency and energy conservation 
measure. Now, the claim is that additional transmission is necessary to encourage 
renewables. Any federal siting authority and financial incentives for transmission 
should require a FERC decision supported by findings and conclusions based upon a 
record that clearly shows that power needs cannot be met through conservation, 
efficiency, improvements to existing lines and distributed, clean generation. 
As I will argue throughout my testimony, transmission is just one part of an energy 
equation that includes everything on the supply side and everything on the demand 
side. The location, amount and timing of generation and demand are crucial to 
making a decision on when and where to build transmission, and whether 
transmission is necessary at all. Before we set federal policy that permits a $100­200 
billion grid build out, we should make every effort to better utilize existing 
transmission infrastructure, reduce the need for new supply, and encourage clean 
distributed generation. 
Let me begin by outlining two of our observations regarding transmission: 
Transmission planning is overwhelming energy planning. Federal policy and state 
utility commissions are increasingly deferential to the energy planning done by 
Regional Transmission Organizations (RTO) and Independent System Operators 
(ISO), which are private entities run by member utilities and energy stakeholders, and 
are by design, predisposed toward transmission solutions. This “transmission first” 
planning, combined with the generous federal incentives that are being awarded by 
FERC, put nontransmission energy alternatives at a marked disadvantage, even when 
those alternatives have lower emission profiles, a smaller footprint, lower price tag, or 
would create more long­term jobs. 
There is no transmission proposal shortfall. State Utility Commissions are siting 
transmission lines across the nation, often in less than two years. 2 There is no 
compelling reason to go to a federal siting process, thereby putting the people whose 
lands will be taken even farther away from the decision makers. 
2 For example, the Trans­
Allegheny Interstate Line 
through Pennsylvania, West 
Virginia and Virginia and 
CapX2020 through South 
Dakota and Minnesota. Many 
others are proceeding 
unimpeded through the 
state’s regulatory process. 
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3 Motion to Intervene and 
Comments of PJM 
Interconnection, L.L.C in FERC 
Docket No. ER09­681­000. 
transmission myth vs. reality 
As we consider whether new federal transmission authority is warranted, a number 
of inconsistent justifications continue to emerge: 
Myth 1: The current regulatory scheme discourages transmission from being built 
Not true, interstate transmission line proposals are being pursued and approved 
throughout the country. Lines are rarely turned down by State Utility Commissions, 
and such denials are exceptions, not the norm. In many jurisdictions, new 
transmission lines are being approved with scant attention to alternatives such as 
improved efficiency and better generation alternatives. 
The poster child for delayed state siting is AEP’s Wyoming to Jackson Ferry 765 kV 
line between West Virginia and Virginia. This line which was originally announced in 
1990 did not go into service until 2006. This single incident is frequently cited as a 
reason to remove siting authority from States. But an examination of the history of 
this line demonstrates that the reason for the delay had more to do with evolving 
electricity markets and a proposed crossing over National Forest property. Once 
legitimate state concerns were addressed and the federal land issue was resolved, the 
line was approved and built. 
Myth 2: Future renewable generation will be located far from the load and require
massive transmission investment 
According to a number of the bills pending before Congress, future generation 
sources, particularly renewable generation sources, will be located “distant from load 
centers,” in “rural areas,” or be “location­constrained.” This assumes a continued 
reliance on distant generation sources, and ignores the significant potential for off­
shore wind, distributed solar, geothermal, natural gas peaking plants, and other forms 
of generation that could be more easily located near the load. To the degree that future 
renewable generation is sited in the solar­rich Southwest or wind­rich Midwest, that 
generation can be used to serve urban centers closer to the source – Las Vegas, Los 
Angeles, Phoenix, Denver, Madison, Wichita, and Sioux Falls. As for the East Coast, as 
PJM Interconnection pointed out in comments to FERC on March 6, 2009: 
…off­shore wind from New Jersey and Canada, and greater strides in energy 
efficiency, may be deliverable to customers in New England, New York and 
new Jersey sooner and more cost­effectively than the Midwest wind 
3 resources. 
This point was reiterated in a May 4 letter from ten East Coast governors, in which 
the governors argued: 
While we support the development of wind resources for the United States 
wherever they exist, this ratepayer­funded revenue guarantee for land­based 
wind and other generation resources in the Great Plains would have signifi­
cant, negative consequences for our region: it would hinder our efforts to 
meet regional renewable energy goals with regional resources and would 
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establish financial conditions in our electricity markets that would impede 
development of the vast wind resources onshore and just off our shores for 
decades to come. 
Myth 3: Transmission can be easily targeted toward renewable 
Operators cannot control which electrons flow along a given transmission line. That 
flow is determined by the laws of physics. Once a transmission line is built, it will fill 
with whatever electrons are produced by the available generators. In a December 
2008 report,4 the Union of Concerned Scientists warned: 
Expanded capacity to transmit electricity would likely mean an even greater 
near term flow of coal­fired electricity from western PJM to eastern PJM and 
other RGGI states. Lower congestion costs would make coal­fueled power 
plants in the west even more competitive, while power producers in eastern 
PJM states continued to face higher fuel costs because of their greater 
dependence on natural gas. This trend could spur even more proposals for 
new coal plants and new transmission capacity, as electricity production 
moved away from higher­priced states. The result would be greater amounts 
of heat trapping emissions. 
And as Bill Raney, President of the West Virginia Coal Association, outlined in a 
recent statement in support of the proposed Potomac Appalachian Transmission 
Highline through West Virginia, Virginia and Maryland: 
Enhanced transmission capacity helps increase the amount of low­cost, coal 
fired generation dispatched into the regional grid. This helps preserve the 
future of existing power plants already on line, justifies additional invest­
ment in these plants and increases the likelihood that new, clean­coal elec­
tric fired generation will be constructed in the state.5 
As shown in the two attached maps the grid backbone concept put forward by 
American Electric Power and the American Wind Energy Association has the very 
real potential to enable access to large coal deposits rather than wind energy. For this 
reason, it is critical that no such grid expansion take place prior to enactment of 
strong and enforceable carbon regulations or a reform of the dispatch system to 
emphasize environmental priorities, as opposed to the current system prioritizing 
economic dispatch. 
Myth 4: All proposals for new transmission have been fully vetted and alternatives
have been examined 
Operation of the electric transmission grid has been expressly delegated to the 
Independent System Operators and Regional Transmission Organizations. The 
continued availability of electricity on demand day after day is ample testimony to 
the skill of those operations. However in PEC’s experience, the RTOs’ single­minded 
focus on transmission does not translate well when it comes to planning. PJM, the 
largest of the regional transmission organizations, has repeatedly stated that the only 
4 http://www.ucsusa.org/ 
assets/documents/clean_ 
energy/importing­
pollution_report.pdf. 
5 Letter filed under West 
Virginia Public Service 
Commission Case # 09­0770­
ECN. 
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6 http://www.rmi.org/images/ 
PDFs/EnergySecurity/E03­06_ 
TowerDsnFlaws.pdf 
7 Head of the Office of Scientific 
Research and Development in 
World War II, he later served 
as Chairman of the MIT 
Corporation (Board of 
Regents). 
solution to electric reliability problems is to order the construction of new 
transmission lines. PJM is a limited liability corporation, authorized to do only what 
its members agree to. Its voting membership is composed of transmission companies, 
generators, utilities and industry insiders. When considering a new transmission 
project it does not consider whether alternatives would satisfy the identified problem 
nor does it consider the impact of the line on the environment, the cultural or historic 
properties that will be affected. 
Myth 5: More transmission means better reliability and national security 
From a technical standpoint, building more transmission to allow for greater 
interregional power transfers will make the power system less reliable, not more 
reliable. As electrical engineer and member of the New York State Reliability Council 
George Loehr said in his testimony to the Senate Energy & Natural Resources 
Committee in July, 2008: 
Reliability is a function of the standards used, not the amount of wire in the 
air… If more generation is built in remote areas, and less generation and 
other resources are built close to load centers, then the load centers will be 
increasingly dependent on distant generating capacity – located perhaps 
hundreds of miles away. It would be like running a long extension cord to a 
friend’s house a block or two away to power your toaster, instead of plugging 
it into an electric outlet right in your own kitchen. The more major cities 
depend on long transmission lines, the more subject they will be to power 
outages and blackouts due to major contingencies on the transmission 
system. 
Or as it was put in a 2003 article written by famed energy expert and Chief Scientist 
at the Rocky Mountain Institute, Amory Lovins:6 
…as one utility executive notes, the emerging policy consensus — that we 
need to build more and bigger power lines because usage has outpaced 
capacity — is as wrong as prescribing bloodletting for a patient with a high 
fever. It reflects a fundamental misunderstanding of what is amiss. 
In fact, more wires may make cascading failures more likely and widespread. 
And they’re almost always slower and costlier than three functionally equiv­
alent alternatives: using electricity efficiently, letting customers choose to tai­
lor their usage to price, and decentralized generation. 
And as Dr. Vannevar Bush, one of the 20th century’s most brilliant electrical 
engineers predicted nearly forty years ago:7 
The more complex a society [or a system], the more chance there is that it 
will get fouled up ....Power systems have grown enormously and have 
become interconnected over vast regions. And we have had two severe black­
outs and are undoubtedly headed for more. 
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Myth 6: Transmission needs additional incentives 
In 2006 FERC adopted regulations that promote transmission investment through 
the allowance of generous financial incentives.8 The regulations allow transmission 8 July 2006, FERC Order No. 679 
pursuant to the Energy Policy developers a higher return on equity (usually 50­200 basis points), recovery of 
Act of 2005. 
construction work­in­progress, recovery of abandonment costs and include an 
advanced technology “adder”. 
Since adopting these new regulations, FERC has approved twenty­seven of the 
thirty three transmission projects that have sought enhanced rates of return.9 Those 
9 http://www.eia.doe.gov/ 
conference/2009/session4/ twenty seven projects are valued at $27 billion dollars and if constructed, would cover 
Agarwal.pdf/. 
8,000 miles. Only three projects have been turned down for these enhanced returns. 
Myth 7: Demand Growth dictates investment in new transmission 
According to the Energy Information Administration, in 2008 electric demand 
actually fell by 1.6% and in 2009 it is expected to fall by another 1.8%.10 Over the next 10 EIA forecasts available at 
http://www.eia.doe.gov/oiaf/two decades, EIA expects average residential demand growth per capita to slow 
forecasting.html. 
further, with overall growth increasing at a rate of around 1% per year. 
If the current economy is any indication, demand growth may not rebound to 
previous growth levels for quite some time. In the meantime, aggressive 
implementation or energy efficiency standards will further blunt demand growth. 
According to the American Council on an Energy Efficiency Economy (ACEEE): 
In total, the energy efficiency provisions in H.R. 2454 could reduce U.S. ener­

gy use by 4.4 quadrillion Btu's, which accounts for about 4 percent of pro­

jected U.S. energy use in 2020…. By 2030, these energy efficiency savings
 
grow to 11 quadrillion Btu’s, accounting for about 10 percent of projected
 
U.S. energy use that year.11 
11 http://aceee.org/energy/ 
national/index.htm. 
ACEEE goes on to call for increasing the energy efficiency component of the 
Combined Efficiency and Renewable Energy Standard with H.R. 2454 to 10% savings 
by 2020 and devoting one­third of electric utility allowances to efficiency. They 
estimate that this strengthened energy efficiency component would increase these 
2030 energy savings by about 25 percent. These investments in energy efficiency 
produce green jobs, save consumers money and are a better way to reduce carbon 
emissions that investment in expensive and intrusive investment in transmission. 
Myth 8: FERC sites gas lines, transmission is a natural evolution 
The comparison between gas transmission lines and electric transmission lines is 
inapposite. Transmission lines, which are strung on towers that range in height from 
10­ 18 stories (compared to a 6 foot high or buried gas line) are visually intrusive, 
particularly in areas that aren’t highly developed or industrialized. The 200 foot 
rights of­ way required by most transmission companies require regular maintenance 
and clearing, helicopter servicing for painting or visual inspection, and access roads. 
In addition, transmission conductors emit an electric field that crackle and pop 
during most months of the year. 
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From an engineering perspective, the comparison is even less appropriate. The flow 
of natural gas can be directed and controlled, the fuel can be stored, and the source and 
destination easily identified. Electric power, on the other hand, cannot be controlled or 
directed over one path rather than another. Further, it cannot be stored in bulk; it must 
be used instantaneously as it is created. But the most important difference between gas 
transmission and electric power transmission systems is that gas transmission is 
essentially point­to­point, whereas electric transmission is through a highly integrated, 
extremely complex grid. As an electric engineer told us recently: 
There is a kind of grid in the gas production field itself, and certainly at the 
customer distribution end. But it moves long distances between the gas fields 
and local distribution systems through a series of point­to­point pipelines, 
with no connections between them. Electric power, on the other hand, moves 
over extensive grids composed of many thousands of individual transmis­
sion lines. The grids themselves have literally thousands of nodes or junc­
tions, and uncounted parallel paths. The difference in complexity between 
gas and electric systems is comparable to the difference between a flashlight’s 
electric circuit, and the guidance system of the space shuttle. 
Myth 9: Environmentalists agree we need more transmission, fast 
Not everyone thinks transmission is the answer – and to the extent that 
environmental groups do support new transmission policy, that support is limited to 
lines that would enable the rapid deployment of renewable energy generation. In a 
recent letter to Carol Browner and congressional leadership, environmental 
organizations warned: 
Piecemeal energy policy—especially electric transmission policy reform—in 
advance of a comprehensive national climate regime can have the real but 
unintended effect of facilitating more, not less, greenhouse gas pollution. 
For this reason, many environmental groups believe a federal transmission siting 
provision could do more harm than good unless it is part of a comprehensive climate 
strategy that puts strong and enforceable carbon regulations in place. 
conclusion 
Instead of new FERC siting authority, what we really need is federal policy that directs 
Integrated Resource Planning approach to energy planning at a state, regional and 
federal level. We should look at demand, supply and transmission in concert, without 
being limited to or predisposed toward investments in transmission. 
If Congress does choose a federal approach to transmission siting, it should 
require: 
1)	 An Integrated Resource Planning approach. Energy solutions, be they new 
generation, transmission or demand side options should be reviewed 
together. The solution that best solves an identified problem, with the lowest 
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environmental and economic impact, taking into account all costs, should 
be chosen. 
2)	 An open and inclusive process. A federal process should include a thorough 
review of alternatives, and not be RTO­driven. Stakeholders should also 
include state utility commissions, environmental organizations and 
interested localities. And participants should have access to data resources 
to fully participate. 
3)	 Limited federal siting authority that targets transmission projects that
directly enhance access to renewable generation. If the problem is getting 
renewable on to the grid, then having strong carbon controls in place 
and requiring a greenhouse gas interconnection standard prior to 
implementation of federal transmission authority is critical. 
4)	 Genuine land and environmental protections. Damages to private and 
public values from development of existing and new rights of way should be 
minimized and appropriately mitigated. 
A number of transmission titles have been introduced to date, some try to target 
renewables while others provide for grid expansion regardless of the generators that 
would benefit. Congressman Inslee’s title does include a greenhouse gas 
interconnection standard, and we have spoken with his office about the need to 
include provisions for avoidance of transmission siting on lands conserved through a 
conservation easement. Subcommittee Chairman Markey and Committee Chairman 
Waxman have focused their transmission title on planning and setting national 
objectives on the deployment of renewable and other zero­carbon sources. In the 
Senate, the titles appear more transmission­first oriented. On the positive side, 
Senator Reid’s title includes a 75% renewable reserve and Senator Cantwell has 
authored language that would impose an alternatives analysis at an early stage of the 
planning process and a greenhouse gas interconnection standard into Senator 
Bingaman’s title. We are grateful for those efforts and hope to continue to work with 
Senators and Members to achieve a balanced energy program. 
However, if we fail to change the policies and we continue on this rate payer 
financed experiment in massive grid expansion, we run the very real risk of building 
a gold­plated, highly intrusive system that benefits old ways and methods, while 
deterring new investment in energy efficiency and renewable energy going forward. 
What is worse, in some cases we are planning these lines in non­inclusive manner that 
ignores adverse impacts and produces results that are unnecessary and unfair. If we 
just plan for transmission, transmission will be all that we build. And in the end many 
of your constituents will be left living beneath an aluminum sky. 
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key takeaways from the discussion 
Nathanael Greene, Director of Renewable Energy Policy for the Natural Resources 
Defense Council (NRDC) and Chris Miller, President of the Piedmont 
Environmental Council in Virginia, started the discussion on the siting of the new 
transmission lines that many see as essential to the deployment of cleaner, smarter 
electrical systems. 
“We need both renewable energy and land conservation at scale.” 
— Nathanael Greene, NRDC 
Both clean energy and land conservation are critical parts of the response to
climate change. Both reduce emissions of greenhouse gases, while land conservation 
also stores carbon and improves the resilience of many water systems. 
Clean energy and land conservation advocates need to better understand where
their interests overlap. Instead of focusing on just the projects where their goals 
conflict, they should find the processes and locations where they can both say yes to 
new projects at scale. To do so, they each need to: minimize the tradeoffs they each 
have to make; make those tradeoffs carefully; and make sure they receive what they 
bargained for when the tradeoff was made. One way to start is for more members of 
the land trust community to participate in the clean energy/climate discussions – 
such as through membership in the Energy Futures Coalition. 
“Climate policy drives the world towards greater electrification and that’s a 
good thing. Climate policy can also create incentives that favor larger 
generating facilities.” 
— Jim Dooley, Joint Global Change Research Institute 
New transmission lines are needed in some areas. While there is a risk that coal­
fired power plants will benefit most from new lines in particular regions, issues of 
intermittency and distance to load centers for wind and solar power are likely to be 
best addressed through at least some new transmission lines. Increasing the 
interconnectedness of the transmission network is also an important part of efforts 
to make the system more efficient through the use of “smart grid” technology. 
“The utility industry is not known for its soft touch… land trusts need to 
stick up for themselves in adversarial proceedings, as well as to find ways to 
collaborate.” 
—Chris Miller, Piedmont Environmental Council 
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Administrative hurdles cause more delays in siting transmission lines than does
siting costs. Groups within the larger land conservation community are often 
powerful opponents of siting proposals. The ability to slow the process substantially 
can provide a powerful bargaining chip in efforts to say yes to projects sited through 
significantly different processes. 
The process for siting such new transmission lines needs to be more integrated and
participatory. Traditional assumptions of continued energy growth should be tested 
against opportunities to reduce demand through energy efficiency. Cost allocation 
discussions should also include externalized costs such as the impact on ecosystem 
services. More extensive and earlier efforts should be made to reach out to concerned 
stakeholders in governments, business, and community organizations. Zones to steer 
clear of should be identified at a regional scale, along with zones more suitable for new 
transmission lines – such as “infrastructure corridors” combining roads, rail, pipelines 
and other linear projects. As people work to identify and protect key greenways/wildlife 
corridors, so too should efforts focus on consolidating development corridors. 
The internet and other new information technologies offer novel opportunities to
engage a broader public in siting processes. National data on protected lands is now 
being gathered through efforts by organizations such as Landscope, NatureServe, 
National Geographic, USGS, and others. Much of this data will be available for use in 
energy/infrastructure planning efforts. Using the data as part of public engagement 
efforts offers useful ways forward. 
NRDC is taking three major steps to navigate the tensions between clean energy
and land conservation – steps that offer opportunities for partnerships with
members of the land conservation community, such as: 
● Supporting specific transmission projects in areas of lower conservation 
value. 
●	 Participating in multi­stakeholder planning and siting processes such as the 
Renewable Energy Transmission Initiative (“RETI”) in California (http:// 
www.energy.ca.gov/reti/index.html)/ 
●	 Advocating for more comprehensive planning and protections in federal 
energy legislation such as bringing privately conserved land into 
consideration as part of the federal preemption powers being discussed in 
the US Senate. 
Similarly, the new Secretary of the Interior Department has identified green energy
and treasured landscapes as his top two priorities. He has also brought a number of 
noted conservationists into the department. This creates additional opportunities for 
land trusts to bring their experience and skills to efforts to navigate the tensions 
between clean energy and land conservation – for example, possibly by seeking to 
influence the Council on Environmental Quality’s review of the facility siting 
processes used by the Interior Department and the Federal Energy Regulatory 
Commission. 
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“Conserved land is often undeveloped, contiguous, and cheap… hence 
attractive for new transmission lines.” 
—Rand Wentworth, Land Trust Alliance 
Substantial federal money has been spent on conserving land – it would be a great
waste to turn around and take the land for transmission lines. At a minimum, 
federal and state authorities should be required to “stop, look, and listen” to data on 
the ecosystem values/services at stake before proceeding. 
Should conserved land be taken for new transmission lines, full compensation – 
including for conservation/ecosystem values – must be paid. New methods for 
articulating these values in condemnation proceedings need to continue to be 
developed. 
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Section VI 
Expanding Natural Gas and Oil
Exploration/Production 
Livia DeMarchis, Yale University 
background 
Oil and gas are a vital source of energy in the United States, providing about 60% of 
our energy (EIA, 2008). The benefits provided by oil and gas use, however, are offset 
by significant environmental concerns, including many that impact land 
conservation. 
General information 
Natural gas 
Recent years have seen a significant increase in natural gas exploration in the United 
States. In what has become known as the “shale sweepstakes” in industry circles, 
developers have been engaged in “a fevered rush to purchase drilling rights to natural 
gas that lies deep in deposits of shale rock,” (Palmeri, 2008). In addition to the profits 
that can be made, drilling for gas has been promoted as a way to improve American 
energy independence and impact on climate change. Burning gas releases 23% percent 
less greenhouse gases that contribute to global warming than does burning oil, and the 
resource is found in our backyards (Lustgarten, Where Things Stand, 2008). 
The recent rush of interest in U.S. natural gas has resulted largely from the 
development of modern tools to extract the resource. Horizontal drilling and 
hydraulic fracturing are some of the major new innovations. Horizontal drilling 
allows those searching for gas deposits to drill in multiple directions at the same time 
at a cost not much higher than the cost of one well (Palmeri, 2008). Holes are drilled 
horizontally for up to several thousand feet in one direction (NY Department of 
Environmental Conservation, 2009). After drilling in several directions, crews pump 
water at high pressure into the ground, fracturing the rock and releasing liquid 
natural gas (Palmeri, 2008). Along with the water, a “propping material” such as sand 
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is also pumped into the wells and assists in holding the fractures open to allow more 
gas to flow into the well (NY Department of Environmental Conservation, 2009). 
Figure 1 Major U.S. basins and shale plays 
Source: EIA (November, 2008) 
The natural gas boom originated in Fort Worth, TX, home of the Barnett Shale 
field, which is thought to be the largest new onshore field of natural gas in the U.S. 
Since 2003, production at the Barnett Shale field has quadrupled to over 1 trillion 
cubic feet per year. Development of this field has apparently changed the city of Fort 
Worth, as rigs have appeared on any open land and brokers representing oil 
companies knock door to door asking homeowners for leases to drill on suburban 
land. Compensation for such leases can range from $500 an acre signing bonus plus 
a 12% continuous royalty to $25,000 an acre signing bonus and a 25% royalty 
(Palmeri, 2008). 
In addition to Texas, shale fields have been discovered and are being developed in 
a number of areas from North Dakota to Arkansas. The Marcellus Shale, stretching 
across West Virginia, Pennsylvania, and the southern half of New York has generated 
much interest among oil companies of late. In April 2008, XTO Energy bought 
drilling rights to 142,000 acres on the Marcellus Shale for $600 million, thought to be 
a record price for the area (Palmeri, 2008). Different shale formations contain 
different estimated amounts of gas. The entire extent of the Marcellus Shale is 
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estimated to contain 168 trillion to 516 trillion cubic feet of natural gas; however, 
experts still do not know how much gas will be commercially recoverable (NY 
Department of Environmental Conservation, 2009). 
Figure 2 Dry natural gas proved reserves by area 
Source: EIA (February, 2009) 
Last minute court order blocks oil and gas lease on public land 
In January 2009, a federal judge granted a temporary restraining order that 
had been sough by environmental groups to block oil and gas exploration on 
federal land in Utah. The Bureau of Land Management had auctioned off 
leases on the land in December 2008 (Barringer, 2009). These leases allowed 
exploration on tens of thousands of acres on or near the boundaries of 
Arches National Park, Dinosaur National Monument and Canyonlands 
National Park, yet the Park Service had been given insufficient opportunity 
to comment on the leasing proposal (Barringer, 2008). 
Oil 
The first oil field in the United States was discovered in Titusville, PA in 1859 (Palmeri, 
2008). U.S. crude oil production peaked in 1970 with an average of 9.64 million 
barrels per day. By 2006, total U.S. production of crude oil, including offshore 
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production, had fallen to 5.102 million barrels per day (EIA Crude Oil, 2009). There 
is a real question about whether it is efficient to continue expenditure of resources on 
oil production in the United States. A 2005 paper on energy return on investment 
(EROI) discussed the fact that there has been an overall decline in the EROI for 
petroleum extraction in the U.S. This decline in EROI suggests that the energy costs 
of extraction have been raised by depletion of resources, and other indicators also 
suggest that the quality of the nation’s petroleum resources in general has declined 
(Cleveland, 2005). Overall, there is good evidence indicating that the cost of 
producing oil in the continental US will continue to increase (Cleveland, 2003). 
Oil is produced by extraction from wells drilled in crude oil reservoirs. There are 
several methods of extracting oil. The “natural lift” production method relies on the 
natural pressure inside the reservoir to force oil to surface. This method can usually 
be used for a while after a well is first created, but the natural pressure eventually 
decreases and more active extraction methods are needed. When “natural lift” has 
died down, mechanical pumps (themselves powered by gas or electricity) must be 
used to artificially lift oil out of wells. Natural lift and pumping are known as 
“primary” extraction methods. Over time, the effectiveness of primary methods 
decreases and “secondary” production methods must be employed. One common 
secondary method of production is the “waterflood” method. Similar to the case of 
natural gas extraction, the “waterflood” method involves injection of water into an oil 
well. This injection creates increased pressure inside the reservoir and forces oil 
through the drilled openings in the surface. Once secondary production methods 
have decreased in effectiveness, tertiary or “enhanced” production methods are 
needed. Such methods include the injection of steam, carbon dioxide and other 
chemicals or gases into an oil reservoir (EIA Crude Oil, 2009). 
Figure 3 Top crude oil­producing states 
Source: EIA (2006) 
One of the most contentious issues in recent onshore oil development history has 
been whether to explore and drill for oil in the Arctic National Wildlife Refuge 
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(ANWR) in Alaska. This has been a question since the 1970s. The US Geological 
Survey (USGS) has made a mean estimate that approximately 7.8 billion barrels of oil 
might be recoverable from the area. Experts suggest, however, that oil from ANWR 
would not reduce US dependence on oil to a significant extent (Cleveland and 
Kaufmann, 2003). 
Figure 4 Crude oil proved reserves by area 
Source: EIA (February, 2009) 
One way in which onshore oil exploration is developing is in the field of oil shale 
development. Oil shale deposits are found mainly in the western U.S. (Bartis et al., 
2005). There is currently no organization actively developing oil shale resources at a 
commercial scale because the development of cost­effective technology is still 
underway. Oil is obtained from oil shale by heating the shale and capturing the liquid 
that is released in a process called retorting. Production of oil shale usually involves 
either mining and surface retorting or in­situ retorting. Mining and surface retorting 
involves either underground or surface mining, though underground mining is more 
commercially viable. In­situ retorting, which involves heating oil shale in place and 
extracting the liquid from the ground for refining, appears to be more cost effective 
(Bartis et al., 2005). The Green River Formation, which stretches into Colorado, Utah, 
and Wyoming, is the largest known oil shale deposits in the world. Experts estimate 
that the formation contains between 1.5 and 1.8 trillion barrels of oil, though only 
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between 500 billion and 1.1 trillion are estimated to be recoverable. Even at the low 
end of this recoverable estimate, such resources could satisfy the U.S. demand for 
petroleum for hundreds of years (Bartis et al., 2005). Again, it should be stressed that 
while the resources exist, current technology still does not make this a usable energy 
source at present. 
“Extremely suspect” leasing on the Wyoming range 
In April of 2008, the governor of Wyoming attacked an agreement regarding 
oil and natural gas exploration on the Wyoming Range. The agreement was 
proposed between the US Forest Service and Stanley Energy, a Denver­based 
energy company. The company’s drilling plan included the possibility of 
drilling up to 200 wells from eight, 50­acre well pads in the 44,720­acre Big 
Piney Ranger District of the Wyoming Range. The governor had serious 
reservations about the lease agreement, in part because of the rapid pace of 
exploration and in part because it gave the independent oil and gas produc­
er inappropriate influence in the area. The arrangements also came under the 
shadow of impropriety because it was agreed that Stanley Energy would pay 
for a private consultant to complete the Supplemental Energy Impact 
Statement deciding whether the leases could be developed (Sullivan, 2008). 
What are the impacts of oil and gas exploration on land conservation? 
Exploration and production of oil and gas have led to negative impacts on surface 
and ground water, soil, and ecosystems in all 36 states where these activities occur 
(Kharaka et al., 2005). Impacts to land surfaces can result from site clearing, 
construction of access roads, and construction of pipelines (Kharaka et al., 2005). 
Many of these impacts are aesthetic – heavy oil and gas exploration and production 
has the potential to turn a countryside into an industrial zone “crisscrossed with drill 
pads, pipelines, and access roads,” (France, 2008); but other impacts threaten 
environmental health more directly. 
Natural gas 
Gas exploration and production poses both aesthetic and environmental threats to land 
conservation. In terms of aesthetic impacts, a recent New York Magazine article about 
gas exploration in the Catskills summed it up nicely: “The installations are significant­
size industrial parks. Including access roads and parking areas, a drill pad takes up 
several acres, with three or more physical structures the size of shipping containers and 
an Erector Set–style tower standing perhaps 40 feet tall. Trees are removed, entire slopes 
are leveled. The facilities wheeze and off­gas, and frequently throw off huge flames. Next 
to them are large pits holding millions of gallons of contaminated water” (France, 
2008). Hand in hand with many of these negative aesthetic impacts come problems of 
habitat disturbance for species living in or near well sites. 
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Figure 5 A well site drilling for gas in the Marcellus Shale in Upshur County, West Virginia 
Photo credit: ©2008 West Virginia Surface Owners’ Rights Organization (WV­SORO), www.wvsoro.org. Used 
with permission. 
Gas exploration has the potential to cause water quality problems and the process 
itself consumes huge quantities of water. Gas exploration using hydraulic fracturing 
requires large amounts of water to fracture the rock. Each well in the Marcellus Shale, 
for example, may use over a million gallons of water (NY Department of 
Environmental Conservation, 2009). In addition to the large amounts of water being 
used, the water is also treated with a number of chemical and other additives 
including: a “friction reducer”, a biocide that prevents bacterial growth in the well 
piping, a gel to carry sand or any other “propping material” into the rock fracture, and 
several other agents that prevent pipe corrosion and ensure the propping material 
remains in the fractures. The water or other fluid used in gas wells must be handled, 
transported and disposed of carefully after use (NY Department of Environmental 
Conservation, 2009). In 2004, the EPA released a study concluding that the that 
injection of hydraulic fracturing fluids “poses little or no threat” to underground 
sources of drinking water and did not justify further research at that time (EPA, 
2004). However, debate has surrounded the conclusion of this study. For one thing, 
the chemical makeups of additives are still being studied in some cases (NY 
Department of Environmental Conservation, 2009), and some sources claim that 
some of the chemicals cause skin, eye, gastrointestinal, respiratory, nervous system, 
and immune system harm (The Endocrine Disruption Exchange, 2009). 
Furthermore, there have been a series of “contamination incidents” in areas close to 
natural gas fields, leading to continued questions about the risks of chemicals used in 
hydraulic fracturing. In 2008, reports by the investigative journal ProPublica found 
contamination in drinking water supplies in at least 1,000 cases around the country 
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where intensive drilling had taken place (Lustgarten, 2008). To try to prevent harm, 
precautions have been taken to protect municipal water. For example, a full 
environmental assessment of proposed oil or gas wells within 2,000 feet of a 
municipal water well is required in the state of New York. Strict well construction 
guidelines must also be followed to prevent pollution of private water wells (NY 
Department of Environmental Conservation, 2009). In some states where drilling has 
been most intense, officials have been redrafting legislation regulating the gas 
industry (Lustgarten, 2008). 
Beyond the exploration process, gas production causes land conservation concerns 
as well with continued visual and noise impacts. While much of the infrastructure is 
removed after exploration is complete and production begins, a production site is still 
quite industrial. Each wellhead for production is connected to the next nearest 
wellheads via a pipeline, which can be noisy. Furthermore, giant pistons, fueled by 
diesel­fired compressors, pump nonstop to maintain the flow of gas downstream, 
creating vibrations that, in some cases, can be felt almost 2,000 feet away (France, 2008). 
Figure 6 Major U.S. natural gas transportation corridors 
Source: Energy Information Administration, Office of Oil and Gas, Natural Gas Division, Gas Tran Gas 
Transportation Information System. 
The EIA has determined that the informational map displays here do not raise security concerns, based on the 
application of the Federal Geographic Data Committee’s Guidelines for Providing Appropriate Access to 
Geospatial Data in Response to Security Concerns. 
Oil 
Crude oil development can have significant negative environmental impacts that 
affect land conservation. As with natural gas exploration and production, negative 
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aesthetic impacts and habitat destruction occur in site clearing and well construction. 
In some cases, such as in ANWAR, sensitive habitats are threatened by the 
introduction of industrial­scale exploration and production facilities. New 
technology has significantly decreased the “footprint” of drilling sites and the number 
of sites that are needed; however, negative impacts still occur in affected areas. When 
production is finished at an oil well, the well is plugged below ground, making it 
difficult to tell it was there (EIA Petroleum); however, oil wells are sometimes 
incorrectly sealed, which can present hazards in future (USGS, 2003). 
Used with permission. 
Oil spills result in many of the worst environmental impacts attributable to oil 
production. Because they receive significant media attention, people generally think 
of oil spills or leaks from damaged ships as being the most negative spill events. 
However, while ship spills may cause the biggest immediate shock to wildlife since so 
large a quantity of oil is released at once, only a small percent of all oil spilled is from 
ship accidents. Much more oil leaks into watersheds when petroleum is in use, for 
example, when it seeps from leaky storage tanks or pipelines (EIA Petroleum). 
Oil shale development, though not commercially viable yet, has the potential to 
impact land conservation as well. If the mining and surface retorting technique 
described above is used, then the landscape could be permanently scarred by mining 
operations and the disposal of spent shale. While in­situ retorting does not involve 
the permanent modification of land topography, it too could have significant negative 
impacts on land conservation, most significantly because of negative impacts to 
groundwater quality (Bartis et al., 2005). 
Projections for development 
Recent data on oil and gas production in the U.S. shows that both have risen slightly, 
though gas production has risen much more significantly and oil production is still 
much lower than it once was. According to the most recent DOE/EIA Annual Report, 
which was released in February 2009 and reports data from 2007, proved reserves of 
both natural gas and crude oil increased in 2007. Crude oil reserves increased in 2007 
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by 2 percent, with increases found onshore in the lower 48 states and in Alaska and 
slight declines in the Gulf of Mexico offshore reserve. Also in 2007, 1,691 million 
barrels of crude oil was produced, an increase in 2% from 2006’s estimated 
production. Production in 2007 marked the first time in four years that oil 
production rates increased (EIA, February 2009). Companies have continued to 
actively invest in U.S. domestic oil and gas production. In 2007, BP estimated that it 
planned to invest more than $45 billion over the following 10 years in oil and gas 
exploration and production in the Gulf of Mexico, Alaska, and the continental U.S. 
(Housley, 2007). 
In the past four years, output from U.S. natural gas deposits has been on a steep rise 
after almost a decade of stagnant growth (Palmeri, 2008). In 2007, proved natural gas 
reserves increased to 26.6 trillion cubic feet (Tcf), making 2007 the ninth consecutive 
year in which proved U.S. natural gas reserves have risen (EIA, February 2009). 
Figure 7 U.S. dry natural gas proved reserves, 1997­2007 
Source: EIA (February, 2009) 
Extended projections of natural gas production over the next twenty years forecast 
a continued increase in production. One EIA projection from 2008 estimates that shale 
gas production in 2029 will have more than doubled the amount produced in 2007. 
Graphs of U.S consumption of natural gas (Figure 9) show that use of the energy 
source is rising. Industrial users still consume the largest amount of natural gas, but 
use by electric power suppliers has risen most sharply in recent years. Future 
projections of natural gas use (Figure 10) show that industrial users and electric 
generators will likely continue to have the highest consumption of natural gas 
through most of the 2010s and 2020s. 
Though U.S. crude oil production, in the lower 48 states especially, has decreased 
overall in the last several decades, EIA projections stretching to 2030 suggest that total 
U.S. production will increase somewhat again, due largely to increases in deepwater 
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offshore production (See Figures 11 & 12). That said, production is not expected to 
reach the same levels it once was at in the 1970s to early 1990s. 
Figure 8 Shale gas annual production and energy information administration (EIA) forecast 
Source: EIA (2009) 
Figure 9 Natural gas (trillion cubic feet) 
Source: EIA Review (2009) 
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Figure 10 Natural gas consumption by sector, 1990­2030 (trillion cubic feet) 
Source: EIA Outlook (2008) 
Figure 11 Petroleum overview (million barrels per day) 
Source: EIA Review (2009) 
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Figure 12 Domestic crude oil production by source, 1990­2030 (million barrels per day) 
Source: EIA Outlook (2008) 
How is the land conservation community responding? 
While oil and gas exploration and production has definite environmental risks and 
aesthetic and habitat impacts, it may be possible for conservation and energy 
development to be compatible, but land trusts must proceed with caution (McGrory­
Klyza, 2009). Thus far, the land trust community in some areas that have been 
impacted by gas and oil exploration has worked to draft model easement language to 
address gas and oil exploration and has taken steps to educate the public about the 
consequences of exploration and production. For example, the Pennsylvania Land 
Trust Association did a two­day conference on the consequences of drilling and to 
help people plan responses to the leasing process. In some cases, land trusts simply do 
not have the ability to draft easements that prohibit mineral extraction, and therefore 
they must try to compromise with oil and gas exploration and production (Nicole 
Faraguna in personal communication with Casey Pickett). In other cases, land trusts 
located in areas with heavy oil and gas resources know that they need to participate 
in a balancing act with landowners and developers to try to develop the resource with 
the least impact to the conservation values of a property. 
It should be noted that in some cases, land trusts have actually been interested in 
offering their own fee­owned land for oil and gas exploration and production in 
order to generate additional revenue to support more conservation. Using horizontal 
drilling, exploration and extraction may be possible to accomplish from drill sites 
that are located beyond the boundaries of conserved land so that surface impacts to 
conserved land are negligible. One important negative consequence that could result 
if land trusts become involved in oil and gas exploration, however, is bad publicity. 
The Nature Conservancy, for example, received a huge amount of bad press in 2003 
based on a series in the Washington Post, which portrayed the nonprofit as “acting like 
an oil company” for allowing drilling on a nature preserve for the Attwater’s prairie 
chicken (Stephens and Ottaway, 2003). As it happens, the prairie chicken reserve was 
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actually one of the most effective sanctuaries for protecting the endangered bird, yet 
the Nature Conservancy suffered a tarnished public image for trying to allow resource 
development and conservation to coexist (Barton “Buzz” Thompson Jr. in personal 
communication with Livia DeMarchis). Certainly, if oil and gas development is of 
interest and a land trust chooses to proceed on land they own or hold an easement 
on, they should do so with legal counsel and an expert resource professional on hand 
(McGrory­Klyza, 2009). 
Recently, one Pennsylvania land trust gave a presentation in which they suggested 
model easement alternatives to address gas exploration and production in their area. 
The preferred language includes provisions that any documents drawn up to convey 
interests in gas be submitted to the easement holder for review and approval. 
Furthermore, preferred language would include a provision that only subsurface 
methods shall be used for exploration and extraction of oil or natural gas, and 
exploration and extraction shall not disturb the surface and shall not damage or 
endanger the conservation values of the property. One additional preferred provision 
is that roads and pipelines not be allowed to cross a conserved piece of property. 
Horizontal drilling, because it allows access to mineral resources on conserved 
property via drilling from an adjacent piece of property, should theoretically allow 
exploration and extraction without disturbing land within the boundary of property 
under a conservation easement. 
Alternative suggested easement language, in addition to providing that any 
conveyance documents be submitted to an easement holder for review and approval, 
might require that specific development plans for oil and natural gas reserves be 
subject to review and approval by an easement holder. Such language might also 
include the following provisions: (i) development of any well or facility shall not 
violate the intent of the easement; (ii) clearing and removal of vegetation for wells 
and facilities shall not exceed 1 acre; and (iii) access roads shall not exceed 20 feet in 
width. Further provisions might be added to limit the number of wells, pipelines, and 
roads; to give the easement holder the right to review and approve road locations; to 
prohibit the taking of water from streams, ponds, or wells on the property; to require 
the lining of drill pits; to prohibit the discharge of water on the property; and to 
require roads and well sites to be “deconstructed” after use and revegetated. 
There are some important property rights issues that land trusts must be aware of 
with regard to the possibility of oil and gas exploration and development on their 
land. In some areas of the U.S., generally in the west, it is often the case that property 
owners only own surface rights to their land, and mineral rights have been “severed” 
and sold separately. In some cases, a surface owner may only own a portion of the 
mineral rights. If this is the situation, leasing, exploration, and production of mineral 
rights might be allowed to occur without the consent of surface owners because the 
prior decoupling of mineral rights from surface rights takes precedence. This can be 
a particular issue for land conservation if conservation easements and land put in 
trust does not include mineral rights. The laws on mineral rights vary from state to 
state and land trusts must be aware of them (McGrory­Klyza, 2009). Land trusts must 
do their due diligence and learn who owns mineral rights before proceeding with the 
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purchase of an easement or a piece of property for conservation (Kueter, 2002). If 
land trusts are considering allowing oil and gas development on conserved land that 
was donated or bargain­sold (either in fee simple or as an easement), then the tax 
code also becomes important. A land trust must be familiar with the tax code and 
Treasury regulations to determine whether and how to allow resource development 
on such land. If the tax code is not properly followed and the land trust is later 
audited, it can lose its tax­exempt status (McGrory­Klyza, 2009; Kueter, 2002). 
questions for consideration 
1)	 To what extent is oil and natural gas exploration and development 
compatible with land conservation? 
2)	 Is it feasible for oil and gas exploration wells, access roads, and pipelines to 
exist on property subject to a conservation easement without violating the 
conservation intent of the property? Would language giving the easement 
holder the ability to place limits on exploration and production make a 
significant difference? 
3)	 Do gas and oil wells and production pipelines present a situation in which 
mitigation credits might be used to offset the damage to certain pieces of 
land? 
4)	 Should land trusts consider offering certain land for oil and gas exploration 
and extraction to increase their revenue stream? 
5)	 In the West, how can a land trust’s ability to acquire mineral rights be 
increased? 
6)	 How should land trusts respond to the following fours situations of 
concern? (adapted from McGrory­Klyza 2009). 
a) a landowner already has an easement in place and may be in danger of 
violating it by making an agreement with an energy company. 
b) a land trusts discovers land that it would like to conserve, but a lease 
already exists with an energy company. 
c) when negotiating an easement, a landowner wants to reserve the right to 
extract oil and gas. 
d) a land trust owns land in fee simple on which it would like to allow 
limited mineral exploration and extraction. 
7)	 How would allowing oil and gas exploration and excavation impact the 
public perception of a land trust? 
organizations and individuals doing interesting work 
● Cutler Cleveland, Boston University 
(http://www.bu.edu/cees/people/ faculty/cutler/) 
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● Terry Engelder, Pennsylvania State University
 
(http://www.geosc.psu. edu/~engelder/)
 
●	 Matt McDonough, Grand Traverse Regional Land Conservancy
 
(http://www.gtrlc.org/)
 
● Northcentral Pennsylvania Conservancy (http://www.npcweb.org/) 
●	 West Virginia Surface Owners’ Rights Organization (http://www.wvsoro.org) 
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key takeaways from the discussion 
Moving from renewable energy to the pressure to expand extractions of US fossil 
fuels, this part of the discussion started with a review of key points from the 
background paper prepared by Casey Pickett at Yale (see above). It then moved to 
Andy Loza and the experience of the Pennsylvania Land Trust Association with 
expanded natural gas exploration and production in its region. The key points from 
the discussion included the following: 
While off­shore oil production is expected to increase, on­shore oil production is
likely to continue to decline. Off­shore drilling creates both risks to marine 
environments as well as new federal conservation funding opportunities (see below). 
“We had no idea that natural gas production was a threat in Pennsylvania 
until new technology made it possible – do not rest easy.” 
–Andy Loza, Pennsylvania Land Trust Association 
On­shore production of natural gas, however, is expected to increase substantially 
– including in new areas of the country, particularly the Northeast. New technologies, 
higher fuel prices, as well as concerns over climate change and energy security are 
driving its expansion. Natural gas is the cleanest of the fossil fuels, as well as the most 
efficient. Not surprisingly, approximately 85% of new US electricity generation is 
from natural gas. Natural gas is also: the major power source for distributed fuel cells; 
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more amenable to CO2 capture than coal; and often paired with wind or solar 
facilities to address intermittency issues. Finally, new horizontal drilling technologies 
can dramatically reduce the land area needed for a well, allowing drillers to go up to 
two kilometers to any side. 
Water impacts are among the major concerns for the “fractured shale” technology
being used in Pennsylvania. Water is injected deep into the ground to bring gas out. 
Trucks are often used to bring the water to the well – posing problems for roads, 
abstraction points, and the dewatering of small, mountain streams. Once used, the 
waste water contains large quantities of sand, biocides, and polymers and often has a 
higher salinity than ocean water. The five to 10 acre drilling sites include large 
wastewater ponds for holding the water before the extensive treatment that is 
required – either off or on site. The US EPA has long­standing regulations that 
control underground injection wells designed to protect underground drinking water 
sources. While drillers need to post a bond to cover decommissioning costs, the large 
cuts in the budgets of state environmental enforcement agencies raise serious 
concerns. 
The leases used for wells often contain few protections for the surface land
involved. Soil restoration provisions can usually be negotiated, but still more should 
be done. 
Other new technologies – deep geothermal, carbon dioxide capture and storage –
are coming that pose similar issues. Deep geothermal involves pumping water far 
into the ground to heat it and then using the heated water/steam to produce 
electricity. Carbon dioxide capture and storage involves capturing the carbon from 
the combustion of fossil or current biomass fuels and injecting it deep underground 
in suitable formations to permanently isolate the CO2 from the atmosphere. Both 
raise similar underground injection, surface footprint, and subsurface ownership 
issues. Both require more understanding by the land trust community. For example, 
a new literature is developing on who owns what rights (e.g. mineral rights, “pore 
space” rights, surface rights) as part of the discussion of carbon dioxide capture and 
storage. 
These subsurface activities raise a host of issues for conservation organizations: 
● Should they buy lands from which the mineral rights have been severed or 
are the risks too great? For example, one participant mentioned the 
difficulties created for their FSC certified forest when it was clear cut by the 
owner of the subsurface rights who decided to access the minerals on site. 
● Should they accept donated easements on land from which subsurface rights 
have been severed? What restrictions on operations can/should they try to 
include on surface activities by the holder of the subsurface rights? 
● Should they capture operating revenue from leasing a portion of their land 
for gas production under specified conditions or are the risks to their 
reputation too high? 
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New legal issues are also being raised under existing agreements. For example, how 
should older easements that are silent on subsurface issues be interpreted/enforced 
when issues arise? This can be a particularly acute issue given the huge disparities in 
economic power between land trusts and most energy developers. In some cases, 
participants reported being able to reach an agreement to amend and restate the 
easement with limits on surface activities, as well as upgrades to other parts of the 
document. 
Severed estates are a new topic for many land trusts, but are growing in 
importance. For example, a current case in Wyoming involves a donated easement by 
the original owner, who then sold the land at the restricted value/lower price. After its 
sale, the availability of technology to use methane from coal beds led the new owner 
to petition to have the easement extinguished – which the county agreed to do. The 
owner then promptly subdivided the land for sale, leading to suits from a neighbor 
and the Attorney General challenging the extinguishment. In Kentucky, even more 
acute issues around ownership were reported by another participant – with most of 
the mineral rights severed and most of the land rights held by out­of­state interests. 
The land trust community should collect lessons learned and provide guidance on
subsurface rights. For example, guidance on lease provisions to protect surface 
habitats could be offered, possibly along with a list of lawyers familiar with subsurface 
rights and leasing issues. In addition, many lessons have been learned by conservation 
organizations in the West and South, from which those in newly impacted parts of the 
country might benefit. A survey of land trusts on their experiences with gas 
leases/subsurface rights could be quite valuable. 
The community should also provide its views to Secretary Salazar on the use of
funds from off­shore oil and gas leasing as a dedicated source of conservation
finance. While the experience with such dedicated funds at the federal level has not 
been great, royalties are expected to rise and the Secretary has asked for input. The 
opportunity to help direct more of these funds to land conservation should not be 
missed. 
yale school of forestry & environmental studies 
    ⁄     99 
Section VII 
The Future of Coal/Carbon Dioxide
Capture and Storage 
Casey Pickett, Yale University 
background 
The purpose of this paper is to help start a discussion on the footprint of carbon 
dioxide capture and storage (CCS) and its implications for land conservation. The 
paper covers a number of different aspects of this issue, including: the importance of 
CCS as part of the response to climate change; CCS technologies; likely sources for 
carbon dioxide capture and sinks for its storage; the potential impacts of CCS on land 
conservation, including coal mining practices; and projections for CCS development. 
This paper will not address carbon mitigation credits, nor the opportunities for 
conservation funding such credits offer.1 
Climate change, the wedge theory and a role for carbon dioxide capture and storage 
Projected global energy needs are so great, and the specter of climate change so 
serious, that neither a single technology nor one area of technological endeavor can 
successfully reduce CO2 emissions to manageable levels. Accomplishing that 
challenge requires the simultaneous application of a portfolio of technologies and 
approaches. Robert Socolow and Stephen Pacala refer to this idea as “the Wedge 
Theory.” In the diagram below each CO2 reduction strategy forms a wedge, reducing 
emission levels over time (Socolow and Pacala, 2005). 
According to Socolow’s and Pacala’s projections, in order to stabilize greenhouse 
gasses in the atmosphere at concentrations of 560 parts per million CO2, nations 
must collectively eliminate 175 billion tons of carbon emissions between 2006 and 
2056. In their conception, each wedge represents the elimination of 1 billion tons of 
carbon emissions per year by 2055, and 25 billion tons of carbon emissions in total 
over those 50 years. 
Socolow and Pacala cite the following areas as options for this portfolio of 
reduction strategies: 
1 For information on this topic, 
please see the following 
resources: 
1) Capor, K., and Ambrosi, P. 
(2009). State and Trends of the 
Carbon Market 2009. 
Washington, D.C.: World Bank. 
Available at: http://wbcarbon­
finance.org/docs/State___Tren 
ds_of_the_Carbon_Market_20 
09­FINAL_26_May09.pdf. 
2) Hamilton, K. et al. (2009). 
Fortifying the Foundation: 
State of the Voluntary Carbon 
Markets 2009. New York: New 
Carbon Finance; Washington, 
D.C.: Ecosystem Marketplace. 
Available at: http://ecosystem­
marketplace.com/documents/ 
cms_documents/StateOfTheVo 
luntaryCarbonMarkets_2009. 
pdf 
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2 Carbon dioxide capture and 
storage is distinct from terres­
trial carbon sequestration, 
which refers to the uptake and 
storage of carbon in plant 
matter and soils (www.netl. 
doe.gov). 
3 IPCC sets 100,000 tons of CO2 
emissions per year as the 
threshold level for a facility to 
be considered a “large station­
ary” source of CO2 (IPCC, 
2005). The economies of scale 
present with CCS technologies 
make cost effective CCS use 
unlikely on facilities with 
lower levels of emissions. 
● agriculture and forestry (i.e. expanding conservation tillage; stopping all 
deforestation). 
● alternative energy. 
● carbon dioxide capture and storage (CCS). 
● power generation (i.e. raising efficiencies and replacing coal­fired power 
plants). 
● end­user efficiency and conservation. 
Figure 1 The concept of CO2 mitigation wedges 
Source: Princeton University (2009). Used with permission. 
This wedges concept has gained substantial acceptance in the scientific and policy 
communities and has lent credence to the notion that CCS has a critical role to play 
within a portfolio of climate change mitigation strategies. 
How would CCS work? 
Carbon dioxide capture and storage (CCS) refers to processes that capture CO2 from 
industrial sources and pump it deep underground for long­term storage.2 The 
Intergovernmental Panel on Climate Change defines CCS as “a process consisting of 
the separation of CO2 from industrial and energy­related sources, transport to a 
storage location and long­term isolation from the atmosphere” (IPCC, 2005a). 
Appropriate sources for capture 
The sources of CO2 emissions best suited for use with CCS are large and stationary,
3 
such as steel, cement, and chemical manufacturers, oil refineries, fuel production 
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facilities and fossil fuel power plants. CO2 cannot be captured easily from small or 
mobile emissions sources, such as cars, because of the bulk, weight, and expense of 
the requisite equipment (Dooley et al., 2006). Large coal­fired power plants receive 
the most attention of all major CO2 point sources because of the profound impact 
that the relative amount and purity of emissions have on the cost effectiveness of 
CCS, and because they represent the majority of the largest, most pure sources of 
CO2 emissions. Coal­fired power plants represent 390 of the 500 largest CO2 point 
sources in the U.S., and these 500 sources account for 82% of annual U.S. emissions 
(Dooley et al., 2006). In the U.S., coal provides half of all electricity, and globally, 
coal­fired power plants contribute 40% of CO2 emissions (MIT, 2007). 
There are approximately 1,715 large CO2 point sources in the U.S., represented in 
the image below. These sources—mostly fossil fuel power plants, but some steel mills, 
cement kilns, chemical plants and oil refineries—are responsible for over 2.9 GtCO2 
emissions per year (over 10% of global fossil fuel based CO2 emissions), and are the 
most appropriate candidates for adopting CCS technology to reduce emissions 
(Dooley et al., 2006). 
Figure 2 Large CO2 point sources in the contiguous United States (emitting over 100,000 tons CO2) 
Source: Dooley et al. (2006). Used with permission. 
Although coal­fired power plants get the most attention, James Dooley stresses 
that CCS technology is likely to deploy on non­coal point sources early on, such as 
natural gas and ethanol processing facilities. So far, the evidence bears him out: none 
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4 The initial, complex phases of 
pre­combustion technology 
are more expensive than post­
combustion systems, but the 
separation process is less 
expensive. 
of the four existing end­to­end CCS installations is on a coal­fired power plant. And 
Dooley says no CCS installations should be expected absent regulations capping CO2 
(Dooley, 3/19/09). 
It is also worth noting that CCS systems could be used to with biomass energy 
power plants to remove CO2 from the atmosphere on a net basis. Due to the fact that 
plants sequester carbon as they grow, capturing CO2 generated in their combustion 
would reduce the overall amount of CO2 in the atmosphere (Socolow, 2005). 
Capture technologies 
There are three processes that can be used to separate CO2 from the other exhaust gas 
constituents from coal, gas, or biomass: post combustion, pre combustion, and 
oxyfuel combustion. Pre­ and post­combustion systems already are used regularly for 
CO2 capture in certain industrial processes, such as hydrogen and ammonia 
production, and natural gas purification. Oxyfuel combustion systems are still in the 
demonstration phase (IPCC, 2005b). 
Figure 3 Overview of CO2 capture processes and systems 
Source: IPCC (2005b) 
Post­combustion capture systems use liquid solvents to absorb CO2 from flue gas 
composed mostly of nitrogen. Though simple, the capture of CO2 from low­CO2­
concentration flue gas is inefficient. 
In contrast, pre­combustion systems, for use in facilities with integrated 
gasification combined cycle (IGCC) technology, employ steam reactors to process 
fuel into high concentration, high pressure streams of CO2 and hydrogen. These 
streams can be separated inexpensively to produce clean burning hydrogen and 
storable CO2. 
4 
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A third system is oxyfuel combustion, which produces a flue gas consisting mostly 
of CO2 and water vapor. The high concentration of CO2 and the ease of separating 
out water vapor through condensation make oxyfuel combustion well suited for CO2 
capture. However, oxyfuel combustion requires the additional step of separating 
oxygen from air before combustion (IPCC, 2005b). 
It is important to note that all three systems involve the separation of gases—either 
CO2, O2, or H2—from a mixed gas—flue gas, air, or synthesis gas. All three systems 
also end with the compression of CO2 into a liquid 7/10ths the density of water, 
referred to as “supercritical CO2.” Different systems will be appropriate for different 
applications (IPCC, 2005b). 
The technologies being discussed for power plants can capture 85­95% of CO2 
emissions. However, adding carbon capture technology to coal power plants will 
decrease their operational efficiency and add significant production costs. A power 
plant with CCS would require 10­40% more energy expenditure per unit of 
production than one without CCS, depending on the type of power plant in question. 
Transportation and storage will also require additional energy inputs. To determine 
net emissions reductions one must calculate both the CO2 captured and the 
additional CO2 produced to support CCS. The IPCC estimates the net result of CCS 
deployment to be an 80­90% potential CO2 emissions reduction, given secure storage 
(IPCC, 2005a). 
Figure 4 Net CO2 emissions from power plant with CCS 
Source: IPCC (2005b) 
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CO2 capture and storage from power plants. The IPCC notes that “the increased 
CO2 production resulting from the loss in overall efficiency of power plants due to 
the additional energy required for capture, transport, and storage and any leakage 
from transport result in a larger amount of ‘CO2 produced per unit of product’ (lower 
bar) relative to the reference (upper bar) without capture.” 
The reduced efficiency of facilities employing CCS technology means more fuel 
will be required to produce the same amount of energy. The table below shows five 
scenarios, examining the impact on coal use and CO2 emissions under a climate 
policy that sets a high price on CO2 emissions, with both limited and expanded CCS 
and nuclear energy use. These scenarios project that in a future with high prices on 
CO2 emissions, coal use will be lower—by 64­83%—than in a future without such 
prices. However, given the same assumption of high CO2 emissions prices, these 
scenarios show higher use of coal when CCS systems become widespread than when 
they do not. 
The table also projects differences in CO2 emissions with and without a climate 
policy and with and without CCS deployment. Compared to a future without a 
comprehensive climate policy, the scenarios show 84­90% fewer coal­based CO2 
emissions in a future with high CO2 emissions prices. When CCS systems are allowed 
to deploy, coal­based CO2 emissions are roughly half what they would be without 
CCS deployment. These projections beg the question, how might the global 
environmental implications of climate change compare to the local implications of 
fossil fuel extraction and CCS use? 
Table 1 Comparison of coal use and global CO2 emissions in various scenarios 
Source: MIT (2007). Used with permission. 
Transportation options 
There are four primary methods for transporting captured CO2: road, rail, ship, and 
pipeline. Road and rail tankers are considered unattractive options for the large 
quantities of CO2 involved. For small quantities and ocean transport, ships will serve 
well. But the primary transportation mechanism is likely to be pipelines, which can 
carry CO2 over distances up to 1000 kilometers (IPCC, 2005A). In the U.S. over 3900 
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miles of pipelines already carry CO2 from natural deposits, or “domes,” to oil fields 
that are past their prime (www.phmsa.dot.gov). Oil companies have used the process 
of CO2 enhanced oil recovery (CO2­EOR) for over 30 years to extend the productivity 
of aging oil fields. The network of dedicated CO2 pipelines is regulated by states and 
the US Department of Transportation’s Office of Pipeline Safety (James Dooley, 
personal communication, April 28, 2009). 
If storing CO2 to mitigate climate change requires building new pipelines, it is 
logical to ask how the scale of CO2 transportation might compare to that of natural 
gas transportation. Each year the U.S. produces approximately 1.5 billion tons of CO2 
from coal­fired power plants. The MIT study reports, “If all of this CO2 is transported 
for sequestration [in a supercritical state], the quantity is equivalent to three times the 
weight and . . . one­third of the annual volume of natural gas transported by the U.S. 
gas pipeline system” (MIT, 2007). 
The two graphics below show the current extents of the CO2 and natural gas 
pipeline systems. However, it is important to note that some scientists believe the 
comparison of natural gas and potential CO2 pipelines is inappropriate. As James 
Dooley says, “Natural gas is a high value­added­commodity that people are willing to 
pay to transport great distances. The same is not true for CCS” (James Dooley, 
personal communication, 6/1/09, referencing Dooley, et al., 2009). 
Figure 5 Comparison of existing pipelines for CO2 (left) and natural gas and hazardous liquids (right) in 
U.S. Storage options for captured CO2 
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5 It is important to note that 
continued accumulation of 
CO2 in the atmosphere will 
increase ocean surface level 
acidity, which also would neg­
atively impact ocean ecosys­
tems (IPCC, 2005A) 
Source: Dooley, J., Davidson, C., and Dahowski, R. (2009) and Dooley, J., Dahowski, R., and Davidson, C. (2009). 
Used with permission. 
As Figure 3 shows, each method of carbon capture ends with dehydration and 
compression of CO2 into a supercritical state for transport. When supercritical CO2 
is pumped to a depth below 800­1000 meters, existing pressures keep it in this stable 
state (James Dooley, personal communication, April 28, 2009), which allows for long­
term storage by decreasing the possibility of upward migration. 
There are four potential options for long­term CO2 storage: industrial use, 
industrial fixation, oceanic storage, and geologic storage. Each option has drawbacks. 
Industrial uses, such as in agriculture, refrigerants, and pneumatic systems, are 
unlikely to reduce emissions significantly because the amount of CO2 used in 
industry is relatively small and it is stored for short time periods before re­release. 
Industrial fixation—reacting CO2 with waste metal oxides and mined silicate 
minerals—has major environmental consequences. To obtain sufficient amounts of 
reactants would require major mining and crushing efforts, which would lead to toxic 
leaching, land clearing, habitat destruction, and increased energy use. The third 
option, oceanic storage, which entails piping CO2 deep into the water column or to 
the ocean floor, would increase oceanic acidity in certain areas, negatively impacting 
ecosystems.5 In addition, CO2 migrates from oceans to the atmosphere more quickly 
than scientists would prefer. Estimates range from 65­100% CO2 retention over 100 
years and 30­85% over 500 years (IPCC, 2005a). 
The most promising opportunities for carbon storage are in deep geologic 
formations, such as un­minable coal seams, depleted oil and gas reservoirs, and deep 
saline formations. Energy production companies currently practice CO2­driven 
enhanced hydrocarbon recovery: pumping in CO2 to improve production in un­
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minable coal seams and depleted oil and gas reservoirs. In a coal seam, for example, 
CO2 binds to the coal surface, releasing natural gas (methane), which is harvested for 
energy production (James Dooley, personal communication, April 28, 2009). This 
strategy is still in the demonstration phase for long­term CO2 storage. One risk with 
this strategy is that if the coal seam is ever mined the CO2 will escape (IPCC, 2005a). 
The CO2­driven enhanced hydrocarbon recovery process is similar for oil 
reservoirs: CO2 is pumped into an oil well to increase flow. Flow improves because 
CO2 reacts with crude oil stored in well pores, which reduces the interfacial tension 
of the oil, causing it to move more easily through the pores (Socolow, 2005). Most 
CO2­driven enhanced hydrocarbon recovery is currently performed with mined CO2, 
removing it from the ground, transporting it, and pumping it back into the ground. 
But it could be done with captured CO2, which would provide clear climate 
mitigation benefits where few currently exist. 
The best geologic option for long term carbon storage is in deep brine formations. 
These formations are full of pores that could be filled with supercritical CO2. The key 
considerations for choosing appropriate formations are permeability, porosity, net 
effective thickness, and the presence of large, flat, impermeable cap rock to prevent 
upward leakage (IPCC, 2005a; James Dooley, personal communication, April 28, 2009). 
Figure 6 Deep geologic formations potentially suitable for CO2 injection 
Source: Dooley et al. (2006). Used with permission. 
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What are the impacts of CCS on land conservation? 
Since the sole purpose of carbon dioxide capture and storage is to mitigate climate 
change, it is important to compare the potential consequences of climate change on 
land conservation with the consequences of a full­scale CCS system. The direct 
impacts of climate change on the landscape will be significant. They include changing 
distribution ranges for pests and invasive species, as well as the plants and animals on 
which they prey, and threats to coastal areas from sea level rise. New weather patterns 
may disrupt certain ecosystems. Furthermore, the relative importance of land 
conservation to average citizens may decrease in the face of more immediate climate 
change­related impacts to humans, such as lost homes due to flooding (Association 
of Fish and Wildlife Agencies, 2007). 
Leakage 
The risks from transportation and storage of captured CO2 are generally minimal. 
The IPCC says that based on experience with current CO2 pipelines, the risks of large­
scale CO2 transportation may be even lower than those for oil and gas pipelines, 
particularly in rural areas. If this is true, it is unlikely that the risks from 
transportation would impede development. The IPCC wrote, “No major [technical] 
obstacles to pipeline design for CCS are foreseen” (IPCC, 2005a). 
For CO2 storage there are different types of risks for gradual and sudden leakage. 
Sudden leakage is thought highly unlikely, but a major, abrupt leak of sufficient 
concentration (over 7­10%) would kill humans, plants and animals within a range of 
tens or hundreds of meters. It is also possible that built­up pressure could, in Dooley’s 
words, create “some level of microseismicity” (i.e. higher risk of small earth quakes). 
Yet despite these concerns, the risks associated with rapid release of CO2 from 
geologic storage formations are expected to be quite low—similar to risks associated 
with underground storage for natural gas (IPCC, 2005a and James Dooley, personal 
communication, April 28, 2009). 
Gradual leaks present no immediate threat to ecosystems, but they would eat into 
the benefits of storage, throwing off calculations of the global CO2 emissions balance 
(Socolow, 2005). James Dooley believes that gradual leakage should not be a major 
concern: that we have the understanding and technology to keep CO2 where we put 
it (Dooley et al., 2006). The IPCC concurs, predicting that geologic storage has a 90­
99% probability of retaining 99% of injected CO2 for 100 years and 66­90% 
probability of retaining 99% for 1000 years (IPCC, 2005a) 
Footprint 
U.S. DOE estimates the direct land use for CO2 capture for a 300 MW coal­fired 
power plant to be as much as 60 acres, with the pipeline terminus for compression 
and transport requiring an additional 20 acres (NETL, 2007). The total coal­fired 
electricity generating capacity in the U.S. was 312,738 MW in 2007 (EIA, 2007). Given 
this, and for the purpose of discussion only—since this calculation is gross and does 
not factor in the number of large power plants on which CCS use is likely— 
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approximately 8,000 acres would be required if CCS systems were installed on power 
plants equaling one tenth of all coal­fired electricity generating capacity in the U.S. 
To get a sense of the potential impacts of CCS pipelines on land conservation, one 
can look at the nation’s experience with natural gas pipelines and scale down 
considerably from there. Between 1950 and 2008, over 270,000 miles of pipelines were 
built for natural gas (Dooley et al., 2009). And there have been some controversies 
between natural gas pipeline promoters and conservationists.6 But the scale of CCS 
pipelines will be much smaller than that for natural gas. Dooley et al. analyzed the 
likely build­out of CCS pipelines under two climate stabilization scenarios—at CO2 
concentrations of 450 and 550 parts per million (ppm)—and found that in addition 
to the 3900 miles of dedicated CO2 pipelines already in existence, between 11,000 and 
23,000 miles of new pipelines would be needed before 2050—an order of magnitude 
lower than the extent of existing natural gas pipelines. In addition, the average length 
of CCS pipelines may be only tens of miles, rather than the interstate and 
transcontinental lengths of many natural gas pipelines (Dooley et al., 2009). This is 
because “fully 95 percent of the largest CO2 point sources lie within 50 miles of a 
potential storage reservoir” (Dooley et al., 2008 citing Dooley et al., 2006). 
The graph below, based on this analysis, compares the development of natural gas 
pipelines with the potential development of CO2 pipelines under the 450ppm and 
550ppm CO2 scenarios. Under the more stringent 450ppm scenario, Dooley et al. 
project the majority of CCS pipeline deployment in the first ten years. Under the 
more relaxed standard, they expect CCS deployment to be lower and more evenly 
spread between 2010 and 2050. 
Figure 7 Comparison of pipeline growth for natural gas (1950­2008) and projected pipeline growth for
CCS (2010­2050), with GDP 
6 For a discussion of the 
impacts of natural gas 
pipelines on land conserva­
tion, see Livia DeMarchis’s 
paper on Oil and Gas explo­
ration in this packet, and see 
Karaka et al., 2005, and France, 
2008. 
Source: Dooley, J., Dahowski, R., and Davidson, C. (2009). Used with permission. 
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Under a comprehensive climate regime total fossil fuel use will be lower than it 
would be in the absence of such policy. Yet, because large­scale CCS deployment is more 
likely in an economy governed by a stringent climate policy, there are likely to be some 
takeback effects. As discussed in the carbon capture section, since CCS systems decrease 
power plant efficiencies, deploying CCS systems will mean fossil fuel­burning facilities 
must burn more fuel to generate the same amount of power. The increased demand for 
fuel will have implications for certain landscapes. Absent a moratorium on mountain­
top removal mining (MTR), it could mean more MTR coal production. 
Connection between CCS and coal? 
Though the impact CCS technology will have on coal demand from mountain­top 
removal (MTR) operations can be seen as a reason to oppose CCS deployment, James 
Dooley stresses the independence of CCS and coal. He points out that all coal supply 
could and should come from non­MTR mining (James Dooley, personal 
communication, March 19, 2009). Dooley stresses that “it is a mistake to see CCS as 
solely a technology that enables continued use of coal in a greenhouse gas constrained 
world” (James Dooley, personal communication, 3/19/09). However, mistake or not, 
this is the way some coal executives see it. Nick Akins, American Electric Power 
Company’s executive vice president for generation, was quoted in Scientific American 
as saying, “We have to be able to advance [CCS] for future coal plants to be built . . . 
We have to answer the carbon capture and storage equation to keep coal in the 
picture” (Geman and Gronewold, 2009). 
Coal mining methods 
There are two basic approaches to coal mining: underground mining and surface 
mining. 
Underground mining 
Underground mining is used when a coal seam occurs several hundred feet below 
ground. A tunnel is cut either straight down to the seam (shaft mining), at an angle 
(slope mining), or into the side of a hill (drift mining). Three common techniques used 
to extract the coal from the seam are the room­and­pillar, retreat, and long­wall 
methods (Kentucky Geological Survey). Room­and­pillar mining involves carving out 
sections of the coal seam while leaving pillars intact to hold up the seam roof. To 
increase the retrieval rate these pillars can be mined and the material allowed to collapse 
as a mining operation pulls back. This is called retreat mining. Longwall mining 
employs a 100­350 meter­long system of hydraulic supports to hold the roof material up 
while a mechanical shearer scrapes coal off the seam face onto a conveyor belt. As the 
system advances, the roof collapses behind (World Coal Institute). 
Surface mining 
Geology is the most important factor in selecting a mining method. When coal is less 
than 200 feet below­ground it is practical to use a surface mining approach, generally 
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much less expensive (EIA, Coal—A Fossil Fuel). Rather than tunneling down to the 
coal seam, surface mining means simply removing the forest, topsoil, earth, and 
rock—which the coal industry calls “overburden”—above a coal seam. If the land is 
forested, the forest is clear­cut, then explosives loosen the overburden, which is 
removed by large dragline excavators, shovels, and trucks. The coal seam is then 
mined in strips. Though the overburden from the first strip is hauled off­site for 
storage, that from the second is used to fill in the first strip, and so on. Once mining 
is complete, the site is rehabilitated: it is regraded, spread with topsoil, fertilized and 
planted (World Coal Institute). 
Comparison of environmental impacts of surface and underground mining 
Underground mining methods were predominant in the first half of the 20th century. 
Since the 1960s surface mining has spread, and now supplies 60% of all coal mined in the 
U.S. (NETL, overview of mining). Surface mining is much less expensive, employs far 
fewer people per ton of coal mined, and is less dangerous for miners (NRDC, 2005). And 
its impacts on the surrounding environment are more severe (US DOE EERE, 2002). 
The primary environmental impacts of underground mining are surface 
subsidence, as the new underground space in the coal seam collapses, and water 
pollution from coal washing sludge ponds. Surface mining methods cause 
significantly greater environmental impacts, primarily due to the higher degree of 
land disturbance. As Eric Reece writes, “all strip mining—from the most basic truck 
mine to mountaintop removal—results in deforestation, flooding, mudslides, and the 
fouling of headwater streams” (Reece, 2006). But mountaintop removal is the most 
destructive type of surface mining. 
Mountaintop removal coal mining 
Most prevalent in the central Appalachian region of the U.S., mountaintop 
removal mining (MTR) entails removal of all vegetation, rock, and earth above 
coal seams. The earth, rock, and upper sections of coal seams are deposited 
into adjacent valleys, burying vegetation and streams, displacing wildlife 
(OVEC, 2009), and destroying soil profiles (EPA, 2009). Residents of nearby 
communities must contend with increased incidence of flooding, drinking 
water contamination, and 24­hour dynamite blasting as close as 300 feet from 
houses, which can crack foundations and pitch large rocks into homes 
(iLoveMountains.org). Heavy metal­laden dust may lead to serious illness for 
nearby residents (Reece, 2006). In addition, sludge dams containing heavy 
metal­laden coal slurry occasionally fail, as they did in Martin County, KY in 
2000, Northampton County, PA in 2005, and Kingston, TN in 2008, pouring 
through towns and homes and into rivers (Dewan, 2008). Though all forms of 
surface mining are geologically invasive and harmful to air quality, the impacts 
of MTR are more severe than those of other mining practices (Pond, 2008). 
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Digging Valley Fill MTR Sites in Appalachia,
circa 2005 
Source: www.iLoveMountains.org 
Regulations governing development 
There is a perception, expressed in numerous articles and papers on CCS—including 
the IPCC report—that there is an absence of US federal regulation governing 
monitoring and leakage of CO2 in injection zones. However, the Underground 
Injection Control Program (UIC), created under the 1974 Safe Drinking Water Act, 
regulates fluid and gas injection into deep subsurface areas (Rabia, 1986). James 
Dooley goes further: “In the summer of 2008, the US EPA released a proposed 
modification to the UIC program to create a new class of injection wells specifically 
for CO2 injection. This rule is currently being revised based on public comments EPA 
received.” The EPA possesses—and currently uses—the authority to regulate CO2 
injection (James Dooley, personal communication, April 28, 2009). 
Despite the EPA authority, the current legal framework does not yet cover the 
complete range of issues pertinent to a large­scale system of carbon dioxide capture 
and storage. Potential models for relevant legal areas are being developed in 
California, Australia, the EU, and the Netherlands (IPCC, 2005a). 
Several legal questions need to be explored around CCS. Examples include: 
What rules should govern long­term stewardship and liability of CO2 injec­
tion wells? How long should the operator/developer be liable, and to what 
entity should liability devolve eventually? Governments? Land owners? 
What decision making processes should be used for siting pipeline routes 
and injection wells? 
What surface and subsurface land rights exist in different states? 
What will be the consequences to liable parties for CO2 subsurface migra­
tion, groundwater contamination, and leakage? 
What standards exist for monitoring such issues over time? 
Who should be responsible for assessing leakage potential from abandoned 
oil and gas wells within injection areas? And how can better plugging meas­
ures for high­risk abandoned wells be funded? 
The lack of a comprehensive legal regime covering CCS should not be surprising: 
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after all, laws governing specific technologies tend to follow, rather than precede, 
technological deployment. And CCS has not yet begun to be used in the way it is 
anticipated. In order for that to occur, one type of regulation must come first: a law 
setting a restrictive price on CO2. 
The May 21st draft of the Waxman­Markey bill proposes to direct the EPA to 
suggest a comprehensive set of regulatory reforms to overcome the major regulatory 
barriers to the deployment of CCS. It also proposes amending the Clean Air Act and 
the Safe Drinking Water Act to “establish a coordinated approach to the certification 
and permitting” and “ensure the environmental integrity of” sites for geologic CO2 
storage (House Committee on Energy and Commerce, 5/21/09). 
Projections for development 
The cost impacts of CCS deployment are significant but workable. Robert Socolow 
predicts the following: for a coal producer, costs will likely double from $30/ton to 
$60/ton; coal plants will experience a 50% rise in production costs; and a homeowner 
who receives 100% coal­based electricity will likely see a $0.02/kWh (20%) price 
increase (Socolow, 2005). 
Figure 9 Location of coal plants relative to potential storage sites 
Source: MIT (2007). Used with permission. 
James Dooley estimates the global capacity for CO2 storage at 11,000 gigatons, 
which he claims is likely to be sufficient for the CO2 emissions projected by 2100 
(Dooley et al., 2006). Fortuitously, as depicted below, much of the storage capacity lies 
near the major areas of CO2 production. 
One 500 megawatt (MW) coal­fired power plant emits roughly three million tons 
of CO2 per year—the same output as that from one million cars. The MIT study 
projects that coal use will grow in the U.S. at an average annual rate of 1.6%, from 22.4 
quadrillion BTUs of generation in 2003 to 34.5 quadrillion in 2030. Due to the 
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relatively low cost and high abundance of coal, its use is predicted to increase both 
nationally and globally in the 21st century (MIT, 2007). 
How is the land conservation community responding? 
So far, land conservation organizations seem to be absent from the debate around 
carbon dioxide capture and storage. Certainly, many are active in related areas, such 
as opposition to new coal mining operations and gas pipelines. Their clean energy 
colleagues are also active in their pursuit of various “wedges” as part of the response 
to climate change. Over time, more attention will have to be given to the footprint for 
CCS facilities and related activities by the conservation community. 
questions for consideration 
1) How can we help our constituents think systemically about the range of 
issues posed by climate change and CCS? 
2) How can land value hierarchies be designed with a broad range of 
environmental goals in mind? 
3) Will expansion of CCS in the US slow the transition away from fossil fuels? 
Is that a good or a bad thing? 
4) How can land easements be written for potential management of surface 
and subsurface rights for CCS? 
5)	 What would be the direct consumption of land from deployment of CO2 
capture systems on half of all candidate facilities in the U.S.? Is it possible to 
estimate? 
6)	 When faced with a CCS pipeline siting decision on a valued piece of land, 
what would a range of appropriate responses by the conservation 
community look like? 
7)	 How effective could a climate policy regime be without significant CCS 
deployment? 
organizations and individuals doing interesting work 
● Scott Anderson, Environmental Defense (http://www.edf.org/page.cfm? 
tagID=15222) 
● Sally M. Benson, Global Climate and Energy Program, Stanford University 
(http://pangea.stanford.edu/research/bensonlab/) 
●	 The Canadian Petroleum Technology Research Centre (http://www.ptrc.ca/) 
● Center for American Progress (http://www.americanprogress.org/ 
● James J. Dooley, Joint Global Change Research Institute, Pacific Northwest 
National Laboratory (http://www.globalchange.umd.edu/staff/jdooley/) 
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●	 Electric Power Research Institute (http://my.epri.com) 
● The FutureGen Industrial Alliance (http://www.futuregenalliance.org/) 
● Howard Herzog, Laboratory for Energy and the Environment, MIT 
(http://sequestration.mit.edu/index.html) 
● Susan Hovorka and Ian Duncan, Texas Bureau of Economic Geology, 
(http://www.beg.utexas.edu/personnel_ext.php?id=42) 
●	 International Energy Agency’s Greenhouse Gas R&D Programme (IEA GHG) 
(http://www.ieagreen.org.uk/) 
● National Energy Technology Laboratory, U.S. Department of Energy, 
Carbon SequestrationProgram (http://www.netl.doe.gov/technologies/ 
carbon_seq/index.html) 
● National Energy Technology Laboratory, U.S. Department of Energy, 
Regional Carbon Sequestration Partnerships (http://www.netl.doe.gov/ 
technologies/carbon_seq/partnerships/partnerships.html) 
● George Peridas and David Hawkins, Natural Resources Defense Council 
(http://switchboard.nrdc.org/blogs/gperidas/) 
● Pew Center on Global Climate Change (http://www.pewclimate.org/) 
● Shalini P Vajjhala, Resources for the Future (http://www.rff.org/Vajjhala.cfm) 
●	 United States Environmental Protection Agency, Geologic Carbon 
Sequestration (http://www.epa.gov/climatechange/emissions/co2_geose­
quest. html) 
●	 StatoilHydro (http://www.statoilhydro.com/en/TechnologyInnovation/Protecting 
TheEnvironment/CarboncaptureAndStorage/Pages/CaptureAndStorageOfC 
O2.aspx) 
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key takeaways from the discussion 
This session started with views on two, quite different subjects. First, Jim Dooley, a 
Senior Staff Scientist at the Joint Global Change Research Institute, gave an overview 
of carbon dioxide capture and storage technology – a technology which many people 
have linked to the future of “clean coal.” Second, Janet Keating, Executive Director of 
the Ohio Valley Environmental Coalition, described the plight of the Appalachian 
regions blighted by coal mines using mountaintop removal techniques. In many ways, 
this was the broadest and most difficult of the sessions as it ranged across a host of 
technical and ethical issues at the global and local scales. Among the key points raised 
were the following: 
Rapid action is needed at scale across a full range of energy technologies to reduce
emissions of greenhouse gases. As a member of the IPCC, Jim Dooley believes the 
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IPCC and the broader scientific community have consistently understated the likely 
impacts of climate change by being overly cautious in their assessments. However, 
this is changing as more scientific studies are published showing that negative 
consequences of climate change are already happening and are far more rapid and 
worse than what anyone thought a decade ago. He also noted that the cost of 
mitigation technologies varies dramatically across different types of technologies and 
across and within different nations, industries and even households. All of these will 
affect the conditions for and timing of their deployment. 
“I will not use the term ‘clean coal’ as I do not know what it is.”
 
–Jim Dooley, Joint Global Change Research Institute
 
Carbon dioxide capture and storage (“CCS”) has a role to play at large stationary
sources of emissions, such as power plants using fossil fuels or biomass, large 
industrial facilities such as cement plants, steel mills, chemical refineries, and natural 
gas production fields or similar facilities. CCS is not the same as “clean coal,” as it has 
a wider range of potential applications, including some involving coal. CCS does 
provide one of the few routes to potentially achieve negative net global emissions – 
for example by pairing CCS and biofuels – which may be necessary if there is a need 
to stabilize atmospheric concentrations of greenhouse gasses at low levels.8 
Humanity has decades of experience with safely injecting CO2 into the deep
subsurface and there are thousands of miles of CO2 pipelines are already in
operation in the US and Canada. Much of this involves the capture of excess CO2 
from natural gas production fields. The four commercial complete end­to­end CCS 
facilities on the planet are approximately 25% of the scale needed for a large coal­fired 
plant which is not consistent with conventional wisdom that CCS facilities are orders 
of magnitude smaller than what they will need to be in the future. 
This experience suggests that approximately 90% of the CO2 from a large power
plant or other suitable industrial facility could be captured using CCS. Data also 
indicates that 95% of the large point sources of CO2 in the US are near sites 
appropriate for CCS. Many of these facilities will likely require the construction of 
some dedicated CO2 pipelines to transport the CO2 from the point of capture to the 
actual injection sites. 
Experience with CCS also suggests that few human health threats are posed by its 
use. The captured CO2 is injected deep in the ground and is tightly bound up in 
geologic formations. Existing facilities have easily mixed farmland and reinjection 
wells. Where adequate staff exists to regulate operations, very low failure rates are 
reported. 
The current use of CCS is limited by the absence of a price on carbon. Until there is 
a tax or a cap on greenhouse gas emissions, there are few markets/incentives to 
capture CO2. One step in such a policy effort is to make proximity to a CCS storage 
8 For a review of CCS and its role 
in responding to climate 
change see the 2006 report 
from the GTSP on Carbon 
Dioxide Capture and Geologic 
Storage at http://www.pnl. 
gov/gtsp/docs/ccs_report.pdf/. 
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area a requirement for siting new, large sources of CO2 emissions. While policy 
changes to incentivize CCS are projected to drive down the overall use of coal, the 
installation of CCS at any particular plant will increase the amount of coal used to 
generate power by reducing its overall combustion efficiency. All of these issues, as 
well as those below, are rolled up into the fact that the interests of coal 
producing/using states will need to be addressed in some way in order for the US 
Senate to pass a climate bill. 
“Mountaintop removal leads many residents of Appalachia to see themselves 
as ‘trapped in a war zone in their own country.’” –Janet Keating, OVEC 
(quoting Bo Webb) 
The scale of the environmental impacts of mountaintop removal coal mining (MTR)
is truly staggering: 
● Clear­cutting sites to prepare for mining 
●	 Removing overburden through the use of explosives and filling headwater 
streams 
● Washing coal toxic chemicals and discharging coal sludge into local 
streams/rivers or underground 
● Increasing flooding by removing vegetation and filling streams/rivers 
● Transporting coal by truck over narrow, winding road systems 
As is the scale of the social conflicts around the role of coal in the history and future
of Appalachia: 
●	 Jobs – few at mechanized MTR sites versus traditional underground coal 
mining is the only hope for the local economy (MTR is the least expensive 
way to mine) 
●	 Health – lowest life expectancy in MTR areas versus miners having (?) a 
job/salary/benefits 
● Politics – intimidation/corruption/absentee ownership versus appropriately 
using ownership rights as they exist under the law 
“If coal is a transition fuel,Appalachia deserves payment.”–Janet Keating,OVEC 
Is it possible to move to a green jobs focus in Appalachia around wind, biomass,
solar? Many different questions are being considered by local community 
development organizations (such as MACED, http://www.maced.org/) and advocacy 
groups (such as those promoting the Citizens’ Clean Energy Economy Investment Act 
(“CLEAN,” http://theclean.org/). Might community wind energy make sense on the 
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ridgelines – raising issues of who owns the land, surface and subsurface rights on 
which the turbines would be installed? Which has more job opportunities – coal or 
wind? Is it worth exploring the co­firing of coal and locally produced biomass (such 
as wood waste/thinnings)? Are there ways to transition to “cleaner” coal mining 
techniques than MTR? 
There appear to be few overlaps between the anti­MTR and land conservation
communities. The community land trusts are often closer given their work to vest 
land tenure rights in local, often impoverished residents. Tensions continue to exist 
within the land trust community about how involved in politics they should be and 
on what issues. Climate change may be changing some of this discussion as more 
participants are seeing a moral imperative to act given increasingly dire predictions 
from the scientific community. As “leaders” in the environmental movement, can 
land trusts afford to be passive on these issues? 
Is nuclear energy preferable to CCS on coal? The participants’ answers were mixed. 
Many noted that the public perception of risks from nuclear has set the industry back 
a generation – while the reaction to MTR has been much more muted nationally. 
Putting a price on carbon is projected to bring nuclear into a competitive range on 
costs – particularly if it is not forced to carry the full costs of waste disposal. Given 
the history and concerns, the Western investment community is not interested in 
taking nuclear risks at this point. That said, an increasing number of developing 
countries are off and running building nuclear power plants at a rapid rate. 
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Section VIII 
Whither Biofuels? 
Casey Pickett, Yale University 
The purpose of this paper is to explore the possibilities for conserved land to be a 
source of biomass energy, particularly from wood sources. First, it provides 
background information on different types of biomass energy. It then describes the 
potential and historical use of woody biomass and the benefits of its increased use, 
projections for and challenges to increased supply, roles for public and private sectors, 
and the ways the land conservation community is responding. Finally, it poses 
questions for consideration and discussion by the land conservation community 
around the risks and opportunities of expanding the use of woody biomass from 
conserved lands. 
background 
The term “biomass” refers not only to crops traditionally used for food and energy, but 
to “all plant and plant­derived materials” (USDOE/USDA, 20051). This includes 
agricultural crop residues, animal manure, wood, and forest products, among others. 
There has been much recent attention on agricultural biomass as a source of fuels 
such as biodiesel and ethanol, yet relatively little attention on biomass from 
forestland sources. Woody biomass currently provides a greater proportion of U.S. 
energy than agricultural biomass, and though agricultural sources are projected to 
increase faster, woody biomass is likely to become a more significant component of 
national energy use than it is currently (USDOE/USDA, 2005). This may be a boon 
for land conservation efforts. 
Why focus on woody biomass? 
Agricultural vs. woody biomass 
Agricultural products dominate the discussion of biomass energy supplies. Ethanol 
from corn, and biodiesel from soy and other vegetable oils fuel controversy, due to 
their questionable net energy balance and their inherent competition with food crops 
1 The 2005 U.S. Department of 
Energy/U.S. Department of 
Agriculture report Biomass as 
a Feedstock for a Bioenergy 
and Bioproducts Industry by 
Robert Perlack et al., known as 
the “Billion Ton Report,” is a 
comprehensive report on the 
supply, uses, and projected 
growth of biomass in the U.S. 
It is the source for much of the 
information contained in this 
paper. 
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for land. However, the largest sources of biomass are actually forest lands, which 
produce a range of usable products, including chunk wood, wood chips, and pellets. 
75 percent of current biomass consumption in the U.S. comes from forestland, and 25 
percent from cropland (USDOE/USDA, 2005). 
For the purposes of this workshop we will focus on woody biomass from 
forestlands. Although there is greater potential for biomass energy from agricultural 
land due to the intensity of its management, since land trusts hold more forestland 
than cropland, there are more opportunities for land trust involvement in biomass 
from forests. 
Improving the financial performance of forests 
The most important reason for conservationists to consider promoting increased 
biomass energy development is to improve the long­term financial performance of 
forested lands for private land owners. When prices for low­grade wood are soft, 
foresters cannot profitably perform timber stand improvement (TSI) cuts, which 
thin out bent, diseased, and small diameter trees—low­grade wood. In order to make 
money from their forests, some practice what is called “high­grading:” cutting only 
the highest quality timber. After multiple iterations of high­grading, a forest can be 
left with only low­grade wood. This can result in a parcel without enough future 
value to pay property taxes, which may incent the land owner to sell the parcel for 
development (Adam Sherman, personal communication, 5/28/09). 
Increasing demand for woody biomass energy raises prices for low­grade wood, 
allowing forest managers to profit in the short term from TSI cuts. This creates better 
growing conditions for high­grade wood and, especially in the Western U.S., reduces 
the risk of low temperature ground fires spreading to tree canopies. More high­grade 
wood and lower risk of forest fires provides for improved long­term profitability of 
standing forests (Adam Sherman, personal communication, 5/28/09). 
Potential uses of woody biomass 
There are several types of facilities for converting biomass into energy. One is to burn 
it along with coal in a process called “co­firing” (FEMP, 2004). Another entails 
burning compressed pellets. Richter et al. promote advanced wood combustion 
(AWC) facilities above all others and claim they are appropriate for many 
institutional users, such as schools, government offices, hospitals, prisons, and also 
for industrial users. Advanced Wood Combustion involves gasifying wood and 
burning the gases (Inman, 2009). AWC can be used with a district heating system to 
provide heat to campuses and dense communities, as is currently being demonstrated 
on the campuses of Colgate University, University of Idaho, and University of South 
Carolina. The technology may be appropriate for many parts of the U.S. (Richter et 
al., 2009). 
Whether using AWC systems or not, many parts of the country already employ 
biomass energy extensively. In Vermont, public schools serving one fifth of all 
students use wood heat (BERC, 2008). In St. Paul, Minnesota a coal plant was 
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refurbished to burn 250,000 tons of urban wood residues annually, providing heat, 
cooling and electricity (Schill, 2008). 
Historical and current use 
Until 1880, more U.S. energy came from wood than from fossil fuels (Richter et al.). 
Today, biomass is a major component of renewable energy systems globally. In the 
U.S., it accounted for roughly 50 percent of the renewable total in the 1990s and 2000s. 
It is currently responsible for meeting 3.7 percent of US energy needs (EIA, 2009). 
Figure 1 Renewable energy consumption as fraction of total energy consumption in the U.S., 2007 
Source: EIA, Office of Coal Nuclear, Electric and Alternate Fuels (2009) 
Biomass is used most efficiently for heat (Adam Sherman, personal 
communication, 5/27/09), and its use reflects this fact. For example, in 2007, 
industrial facilities consumed 2.012 quadrillion BTU of biomass energy, of which 90.4 
percent was “useful thermal output.”2 Only 9.6 percent of the biomass energy at 
industrial facilities was used to produce electricity (EIA, 2009). 
The percentage use of biomass energy in the U.S. has fluctuated in the last two 
decades. In 1989 it accounted for 49 percent of renewable energy, declining to a low 
of 43 percent in 1997, and then gaining steadily in both share and quantity since then. 
In 2007 it accounted for 53 percent of all renewable energy consumption, comprising 
the vast majority of residential, commercial and industrial renewable energy 
generation—with 82%, 87%, and 99%, respectively—and only 12 percent of the 
electric power supply3 (EIA, 2009). 
These charts show recent biomass energy use, displaying a pattern of steady 
growth followed by a year or two of significant decline, followed by another period 
of steady growth. The longest sustained growth period since 1989 occurs from 2001 to 
2007. The residential sector, where wood provides 100 percent of biomass energy, 
2 The Energy Information 
Administration defines useful 
thermal energy as: “The ther­
mal energy made available in a 
combined­heat­and­power 
system for use in any industri­
al or commercial process, heat­
ing or cooling application, or 
delivered to other end users, 
i.e., total thermal energy made 
available for processes and 
applications other than electri­
cal generation” (http://www. 
eia.doe.gov/glossary/glossary_ 
u.htm). 
3 In 2007, 51 percent of renew­
able energy consumed in the 
U.S. was delivered through 
electric power. Most of this 
renewable electric power was 
generated through conven­
tional hydroelectric sources 
(EIA, 2009). 
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follows that general pattern, but shows overall decline. The bottom line is that 
biomass energy is already one of the largest sources of renewable energy in the U.S. 
Figure 2 Biomass and wood fuels in relation to renewable energy consumption in U.S. 
Source: EIA (2009) 
Benefits and risks of expanding woody biomass energy use 
Economic benefits 
At least in the Northeast, heating fuel represents a significant draw on household 
incomes and the regional economy as a whole (BERC, 2007a). Since the life cycle of 
biomass tends to take place in small geographic areas, its use keeps money within 
local economies. Its prices are quite stable and usually low: in the Northeastern U.S. 
real prices for wood fuel declined from 1987 to 2007. Per energy output, BERC 
calculates that fuel oil usually costs twice as much as wood chips or pellets (BERC, 
2007b) and Richter et al. claim fossil fuels cost four times as much as wood per unit 
of energy (Richter et al., 2009). 
Biomass can save money for entire states. For example, based on use of only 20% 
of North Carolina’s available wood fuel supply, Richter et al. lay out a scenario in 
which the state builds one 0.75 MW thermal biomass facility in 100 counties each year 
for five years. This might cost $100 million per year in construction costs, but it would 
save between $100 and $180 million per year in fuel costs, and would reduce CO2 
emissions by between 0.75 and 1 million tons per year (Richter et al., 2009, using 
calculations from LaCapra Associates, 2006). 
Environmental benefits 
Given that the U.S. produces 5.9 billion tons of CO2 per year (Union of Concerned 
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Scientists, 2009), an effort such as that described for North Carolina above would 
mitigate between 0.0127 and 0.0169 percent of annual U.S. emissions. For a quick 
sense of scale, if every state had the same biomass capacity and implemented a similar 
program, it could result in the mitigation of between 0.6 and 0.9 percent of annual 
U.S emissions. 
Woody biomass energy use can contribute to climate change mitigation. Forests 
are important carbon storage sinks, and their appropriate management can lead to 
greater sequestration capability (BERC, 2007a). Whereas burning fossil fuels releases 
CO2 that was removed from the carbon cycle millions of years ago, burning biomass 
releases CO2 only recently removed from the atmosphere, which will be removed 
again as new plants grow. That is, burning biomass does not add net carbon to the 
atmosphere. 
There are at least three additional environmental benefits of biomass. First, due to 
the fact that biomass releases CO2 as it decomposes, burning it releases CO2 that 
would have escaped in the near future anyway, yet it generates energy that can replace 
fossil fuel­based energy. Substituting biomass for fossil fuels reduces net CO2 
emissions by 75­90% (BERC, 2007b). Second, since biomass energy is expected to be 
used near where it is produced, its use implies lower CO2 impacts from 
transportation. Third, wood has lower pollutant content than fossil fuels, and the 
pollutants it has—sulfur oxides, carbon monoxide, heavy metals, and particulates— 
can be removed with available emissions control technology (Richter et al., 2009). 
Biomass and carbon dioxide capture and storage 
Theoretically, if coupled with carbon capture and storage technology, a bio­
mass power plant could scrub CO2 from the atmosphere. As plants grow they 
sequester carbon from the air through photosynthesis. If, when they are 
burned, that carbon is captured and stored, the net result would be to 
decrease atmospheric carbon concentrations. However, although intriguing, 
this opportunity is not expected to make a major contribution to decreasing 
global CO2 emissions, due to the large land areas required for biomass 
growth (thus limiting the amount that will ultimately be used) relative to the 
amount of CO2 that might be sequestered from its combustion (Socolow, 
2005). 
Managing for biodiversity 
Management is a key concern when assessing the potential impact of biomass 
harvesting. Proper management can actually improve wildlife habitat, primarily by 
creating greater diversity of habitat types in a single area. Rick Horton explains that 
rotating harvests can create multiple age classes within forests, which can improve 
habitat for ruffed grouse. He also describes how interspersing multiple habitat types 
creates what Aldo Leopold called “edge effects” (Horton, 2006). Ecosystem edges tend 
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to support greater wildlife abundance than do their centers. With appropriate 
management practices, including certification, inventory planning, and forester and 
public education, biomass energy removals from forests can improve ecosystem 
health. However, in the absence of good management there is significant potential for 
damage (Perry et al., 2008 referenced in Richter et al., 2009). 
Risks from the loss of dead wood 
Despite the benefits described thus far, increasing removal of wood for biomass 
energy production holds risks for land. Dead wood serves important roles in forests. 
It provides wildlife habitat, slows water flow to protect watersheds, stores carbon, 
helps plants regenerate, and cycles nutrients (Evans and Perschel, 2009). 
Adam Sherman explains that if the biomass energy market grows too quickly it 
could cripple future site productivity by causing the removal of too much low­grade 
wood. Since diseased and crooked trees cycle back to the soil the same quantity of 
nutrients that healthy straight trees do, the rapid removal of low­grade wood stocks 
could cause nutrient and carbon mining from forests. Also, snags (standing dead 
trees) and cavity trees create important habitat for a broad range of species. The loss 
of too many such trees would also reduce forest biodiversity (Adam Sherman, 
personal communication, 5/28/09). It is unclear to this author how nutrient loss from 
biomass harvesting compares to that from logging practices considered “sustainable.” 
Tree top treatment is a particular concern for soil nutrients. One of the key 
methods for forest biomass removal is whole tree harvesting—which literally entails 
picking whole small­diameter trees from the ground and placing them in large 
containers. Yet tree tops, which most timber harvesting methods leave on site, help 
soils (Demchik, 2006), control erosion, and support wildlife (Adam Sherman, 
personal communication, 5/28/09). There may be a solution to this problem. 
USDOE/USDA claim that leaving branches and leaves on site during biomass 
removal can mitigate the negative impact of whole tree removal (USDOE/USDA, 
2005). Recently, several organizations have been developing guidelines for sustainable 
harvesting of woody biomass for energy production. For more information see Evans 
and Perschel, 2009, An Assessment of Biomass Harvesting Guidelines. 
Risks from air emissions 
Air pollution is a concern for biomass use. Of the various emission types associated 
with biomass combustion, particulate matter is the greatest issue. BERC claims that a 
conventional wood stove “has PM emissions 500 times greater than a wood­fired 
power plant with sophisticated emissions control equipment, for the same amount of 
wood fuel input.” Yet BERC admits that “all but the very best wood burning systems, 
whether in buildings or power plants, have significantly higher particulate matter 
emissions than do corresponding gas and oil systems” (BERC, 2007c). Table 1 gives a 
basic sense of the potential particulate and other emissions types from woody 
biomass. It compares the raw emissions from woody biomass and fossil fuels without 
pollution capturing technology. 
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Table 1 Comparing uncontrolled emissions from different fuel sources 
Source: U.S. EPA (2006) 
Of course, the types of biomass energy combustion advocated by biomass 
enthusiasts involve significant emissions controls. Unlike burning biomass in 
campfires, stoves, or fireplaces, modern wood­burning power plants can capture and 
filter pollutants, and can control the factors that affect the amount of air pollution 
produced, including the temperature of combustion, size of particles, and moisture 
level (Schroeder and Monroe). BERC compares emissions from a typical modern 
wood­fired biomass power plant to those from a comparable plant burning fuel oil. 
It finds that wood systems emit 1/6 the amount of sulfur oxides, roughly equivalent 
amounts of nitrogen oxides, significantly higher amounts of carbon monoxide, and 
varying amounts of volatile organic compounds—some higher and some lower than 
are emitted from fuel oil systems (BERC, 2007c). 
Economic risks 
Despite the potential for local economic development from biomass energy, there is 
also economic risk. If the U.S. shifts away from fossil fuels—as a climate change 
mitigation and national security strategy—it is likely that biomass energy will become 
an increasingly important part of the national energy portfolio. Rural economies 
stand to benefit a great deal from increased use of biomass energy. However, the 
Biomass Energy Resource Center raises the possibility that instead of increased 
biomass resource use leading to greater local wealth and innovation, it could lead to 
the pattern of extractive industry and boom­and­bust cycles common to many U.S. 
rural areas (BERC, 2007a). 
Projections for future development of woody biomass 
USDOE/USDA break down woody biomass sources into the following categories: 
● Logging residues – rotten and small diameter trees, to be collected after land 
clearing and commercial harvesting. 
● Fuel treatments – material removed from forests to reduce danger of fire. 
● Fuelwood – removed from forests specifically for use as fuel, usually for 
residential wood stoves and commercial application. 
● Wood mill residues – bark, log edges, and sawdust. 
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● Pulping liquors (black liquor) – liquid resulting from the pulping process, 
used as a chemical and energy source by the wood processing industry. 
●	 Urban wood residues – primarily waste from tree trimmings, construction 
and demolition, packaging, and consumer products. 
Increasing use of woody biomass 
USDOE/USDA find that roughly 1.3 billion dry tons of agricultural and woody 
biomass could be available annually by about 2050, by which time they expect the 
existence of large­scale bioenergy industries. The table below shows their 
expectations for the resource base. 
Table 2 Projected biomass resource base in 2050 
Annual tons 
(in millions) 
Source 
998 Agricultural lands 
428 crop residues 
377 perennial crops 
87 grains used for biofuels 
106 animal manures, process residues, miscellaneous
feedstocks 
368 Forest land (sustainably removed) 
197 fuelwood, forest product residues, pulping liquors 
47 urban wood residues (e.g. C&D debris, yard and tree
trimmings, packaging, wood pallets, land­clearing
wood residues) 
64 logging and other removal residue 
60 fuel treatment (fire hazard clearing) operations 
4 Green wood is roughly 50% 
water, so one dry ton equals 
about two green tons (Lloyd 
Irland, personal communica­
tion, 4/6/09). 
Source: U.S. DOE/USDA (2005) 
Of these 368 million dry tons of woody biomass,4 USDOE/USDA expect 197 
million dry tons to come from forest product residues. Almost all of these residues are 
already being used for biomass energy production, and further efforts are underway 
to improve the efficiency of their use. Given this, most of the 171 million dry tons of 
new biomass energy production is expected to come from urban wood residues, fuel 
treatment thinning, and logging and other removal residues. The latter two resources 
can be harvested fairly easily during or following the course of commercial harvest or 
forest fire risk reduction efforts (USDOE/USDA, 2005). Harvesting urban wood 
residues will require new systems and markets. As a result, efforts to bring new 
sources of woody biomass online are likely to focus in the more rural, forested areas— 
areas in which many land trusts operate. 
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5
Figure 3 Potentially available forestland biomass resources by 2050
5 There appear to be mathe­
matical errors in this table. 
The figures for new growth 
and unexploited resources in 
the table sum to 187 million 
dry tons, rather than the 171 
million dry tons noted in the 
text above. Both figures are 
quoted from the USDOE/ 
USDA 2005 paper. The authors 
note that some of charts and 
tables sum incorrectly due to 
rounding issues, but this dis­
crepancy cannot be so 
explained. 
Source: U.S. DOE, USDA (2005) 
Just where could increased reliance on biomass realistically lead? The current 
contribution of biomass energy to the U.S. energy consumption mix can be seen in 
the table below. In a recent article in Science, Richter et al. point out that though 
biomass provides only about 2% of today’s energy needs, its contribution is close to 
that of hydroelectric power and is roughly half the size of the Strategic Petroleum 
Reserve. In other words, it is significant. And not only that: Richter et al. conclude 
from the USDOE/USDA 2005 report that U.S. forests could support more than 
doubling the contribution of biomass energy, from the current contribution of 2 
quadrillion BTU, to a potential yield of 5 quadrillion BTU (Richter et al., 2009). 
Table 3 Comparison of U.S. woody biomass energy capacity to other U.S. energy sources 
Energy Source 
All U.S. sources 
Approximate consumption
in quads (100 x 1015 BTUs) 
100 
Nuclear 10 
Strategic Petroleum Reserve 
Hydroelectric 
Wood (current) 
Wood (potential sustainable yield) 
4 
3 
2 
5 
Source: Richter et al. (2009) 
yale school of forestry & environmental studies 
132     :    
Many organizations have aggressive goals for the development of biomass energy 
resources in the U.S. For example, the Biomass Energy Resource Center (BERC) has 
a plan for increasing biomass energy yield from the Northern Forest area of New 
York, Vermont, New Hampshire, and Maine (BERC, 2007a). Congress also has a plan 
to expand biomass energy. In 2000 Congress established the Biomass R&D Technical 
Advisory Committee, which USDOE/USDA report as aiming to replace 30% of the 
2000 US annual petroleum consumption by 2030 with biofuels. USDOE/USDA 
believe that this can be achieved using roughly 1 billion dry tons of biomass, which 
they believe is possible from U.S. land resources. 
Increasing production on potentially available land 
USDOE/USDA estimate that roughly 50% of US land (60% without Hawaii and 
Alaska) could be used for biomass production (USDOE/USDA, 2005). 
Table 4 Percentages of all land in the 50 U.S. states by type 
U.S. Land Type 
2,263 million acres Total acres, including 369 in Alaska and Hawaii 
33% Forest land 
26% Grassland pasture and range 
20% Cropland 
13% Miscellaneous uses (urban, wetlands, deserts) 
Source: Vesterby and Krupa (2001); Alig et al. (2003) 
Figure 4 Expected growth in forest inventory 
Source: U.S. DOE/USDA (2005) 
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Of the 749 million acres of forestland in the U.S. (roughly one third of all U.S. 
land), 504 million acres is timberland—distinguished from other forestland by its 
ability to grow over 20 ft3 of wood per acre per year (USDOE/USDA, 2005; and Smith 
et al., 2004). The vast majority of current forest­derived biomass energy comes from 
such land. 77 million acres of forestland are set aside from harvesting for parks and 
other non­timber uses. The remaining 168 million forestland acres are available for 
harvesting, but are less productive than timberland. Although over the long­term 
most potential for increased biomass production lies on timberlands, there is 
significant potential in the short­term for removal of accumulated biomass to protect 
from fire danger on the 168 million non­reserved forestland acres. 
Richard Haynes projects that an additional 23 million acres of existing forest will 
be developed by 2050. However, tree growth on the remaining forestlands is likely to 
be greater than the forest inventory lost due to this land conversion. Figure 4 shows 
the projected expansion of the standing forest inventory (Haynes, 2003). 
Challenges to increased supply of woody biomass 
Important as increasing biomass supply is, it is not without challenges. The challenges 
fall into four main areas: equipment and practices; policy and education; business and 
workforce development; and costs. Harvesting biomass economically from forests will 
require different equipment than is currently available. Since a great deal of biomass 
exists on steep slopes or environmentally sensitive areas, new equipment and new 
silvicultural practices may be needed to remove it (USDOE/USDA, 2005). Examples 
may include: whole­tree harvesters that leave tree tops on site to mitigate nutrient and 
habitat removal; and lighter machines that do not significantly compact soil. 
New silviculture methods may also be needed to reduce the impacts of biomass 
removal on soil erosion, nutrients, pore space, and forest habitat. Developing such 
new practices will require research, investment and policy support from 
governments, as well as demonstration projects, tax credits, price supports, and 
subsidies (USDOE/USDA, 2005). 
Removal costs for small diameter trees or fuel treatment can be high. As discussed 
above, balancing these costs requires integrated harvesting—removing high­value 
large diameter trees at the same time as small diameter and low­grade trees. However, 
harvesting large trees often comes at the cost of poor public opinion. This creates a 
need for public education. 
Urban wood residue collection is limited by several factors, including the seasonal 
fluctuations in availability, contamination by other wastes, the impact of low landfill 
tipping fees in many parts of the country, and the degree to which residues are 
dispersed within urban areas, causing high transportation costs. This is a significant 
issue in rural areas as well. Since the energy value per ton of wood is low, 
transportation costs limit economical distances from forest sources to processing 
facilities. 
The discussion of transportation costs leads to an interesting question: How will 
our economy organize to gather alternative energy economically? Most forms of 
alternative energy—solar, wind, biomass, small­scale hydro—are diffuse by nature 
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and thus may require some level of rural habitation to facilitate their capture and use. 
A component of this challenge is the current lack of sufficient workforce for biomass 
harvest. For example, the average age of a Vermont forest worker is 45 years (Sherman, 
2007). Who is training the next generation of forest workers? 
Roles for public and private sectors 
Currently there is a dramatic imbalance in public sector support between agricultural 
and forestland biomass. While there are significant amounts of government subsidies 
for agricultural biomass energy production, mostly for ethanol, and some grant 
monies for research into woody biomass use, no subsidies exist for woody biomass 
production (Chris Recchia, personal communication, 5/27/09). 
BERC predicts that the public and private sectors will adopt distinct roles as 
biomass energy use grows. BERC says the private sector is likely to own and manage 
forests, raise capital for investment and development, and manage energy production 
facilities. It expects the public sector responsibilities to include creating incentives for 
innovation and passing policies to protect public interests and public goods (BERC, 
2007a). In addition, there is significant potential for biomass energy production from 
national and state forests. 
How is the land conservation community responding? 
Land conservation organizations are generally quite supportive of advancing woody 
biomass energy production as a strategy for enhancing the profitability of standing 
forests. Their work falls into four primary categories. 
Research: Organizations such as the Biomass Energy Resource Center, Yellow 
Wood Associates, The Forest Guild, and the Northern Forest Alliance are 
engaged in research on local biomass resources, and the viability of biomass 
energy for local heating needs for municipalities and schools. 
Developing guidelines: To ensure that biomass removals do not threaten 
land conservation values, organizations such as the Minnesota Forest 
Resources Council, the Forest Guild and other members of the Northern 
Forest Alliance are drawing up recommendations for land management 
guidelines to support sustainable biomass management in forests. 
Public policy development and advocacy: Few policy measures exist to reg­
ulate and support woody biomass energy production. To address this, some 
organizations are developing policy recommendations. For example: the 
Pacific Forest Trust advocated successfully to include the climate benefits of 
forest conservation in California’s new climate policy, AB 32 (Pacific Forest 
Trust website). 
Business development: to address the gap between the potential of biomass 
energy and the current scale of deployment and participation, certain groups 
are focusing on workforce business development. For example, BERC is cre­
ating an incubator for biomass technology companies and encouraging 
grant programs and tax incentives for new businesses and technologies. 
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questions for consideration 
1)	 How will raising forest land values through biomass markets change 
conservation financing and management? 
2)	 How can conservation easements be written to allow for flexibility around 
biomass energy? 
3)	 What is the appropriate scope of a land trust’s mission? Should it include 
energy production? 
4)	 What types of incentives, if any, will be needed for private landowners to 
manage their holdings for biomass removal? 
organizations and individuals doing interesting work 
●	 Biomass Energy Resource Center (http://www.biomasscenter.org/) 
● The Forest Guild (http://www.forestguild.org/) 
● National Renewable Energy Laboratory (http://www.nrel.gov/biomass/) 
●	 Northern Forest Alliance / Mahoosuc Initiative (http://www.northernforest 
alliance.org/mahoosucs.html) 
● Pacific Forest Trust (http://www.pacificforest.org/) 
●	 Sustainable Northwest / Rural Voices for Conservation Coalition (http:// 
www.sustainablenorthwest.org/rvcc) 
● U.S. Department of Agriculture and U.S. Department of Energy, Joint 
Biomass Research and Development Initiative (http://attra.ncat.org/ 
guide/a_m/biomass.html) 
● U.S. Forest Service (http://www.fs.fed.us/woodybiomass/) 
●	 Vermont Sustainable Jobs Fund (http://www.vsjf.org/biofuels/biofuels 
_grants_projects.shtml) 
● Western Governors’ Association (http://www.westgov.org/wga/initiatives/ 
biomass/) 
● Wood Utilization Research Centers at Universities of: Alaska, Maine, 
Michigan State, Minnesota, Mississippi State, North Carolina State, Oregon 
State, Tennessee, and West Virginia (see GAO Wood Utilization report: 
http://www.gao.gov/new.items/d06624.pdf) 
● Yellow Wood Associates (http://www.yellowwood.org/) 
●	 25x’25 (http://www.25x25.org/) 
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key takeaways from the discussion 
Having addressed the siting of renewables as well as the production and use of fossil 
fuels, the final session focused on locally produced, woody biomass as an energy 
source closer to the mission of many land trusts. Chris Recchia, Executive Director of 
the Biomass Energy Resource Center, opened the discussion, followed by Laurie 
Wayburn, President of the Pacific Forest Trust. 
Vermont is among the leaders in using community scale heat/combined heat and 
power from woody biomass to replace fossil fuel, particularly in public buildings. 
Three aspects of this effort are worth detailing – the relative efficiencies of wood use, 
scale of wood required, and implications for energy delivery systems. 
Using wood for heat first is the most efficient way to use it in terms of energy value 
gained. For example: 
● Wood used to produce heat – 75 to 85% efficient. 
● Wood used to produce electricity – 20 to 25% efficient. 
●	 Wood pellets used for heating – since wood is 40% water, the pelletizing 
process requires additional energy to dry the wood to meet requirements 
(6% water), resulting in 35 to 45% efficiencies (i.e. twice as much wood 
required). 
● Cellulosic ethanol from wood – 50% efficient before use in vehicle. 
Higher efficiencies mean smaller amounts of wood are needed per unit of energy 
captured. For example: 
● Wood thermal – 500 tons of wood per year (school) to 35,000 (large college). 
● Wood electricity – 250,000 tons per year (25MW) to 450,000 (50MW). It was 
noted that the wood­fired generating plant in Burlington, VT has enough 
thermal output to heat 80% of city – all wasted energy at this point in time. 
● Cellulosic ethanol – use 300,000 tons per year for 20 million gallon per year 
plant up to 1.5 million tons for a 100 million gallon plant. 
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“The new models of woody biomass offer exciting ways to ‘pay for the 
factory’ – i.e. standing forests.” 
– Laurie Wayburn, Pacific Forest Trust 
These efforts lead to a different energy model – locally produced fuel for 
decentralized heat. Not energy produced by an electric utility or a refinery, but rather, 
energy taken from within a 50 mile radius for transport by truck to the point of use. 
This model does not require plantations or all the available wood from the forest. 
Rather, these facilities only use a small percent (10% or so) of local forest production 
in the form of thinnings and other waste wood. 
Woody biomass systems can also offer attractive economic returns, both to the forest 
land owner and the user. At prices of up to $50 per green ton, the sales of woody 
biomass do not compete with saw log revenues (in the hundreds of dollars per ton) – 
although they do offer an attractive additional revenue stream for thinnings and other 
waste wood. Users of the wood will also save on their reduced need for fossil fuels – up 
to 60% of their previous fuel bill. In the future, there may also be some value in carbon 
offsets – for carbon storage in local forests and the substitution of fossil fuels. According 
to Chris Recchia, 100 tons a year of woody biomass supports about 30 jobs, keeping 
money from energy purchases in the local economy. This new model does require 
different harvesting equipment – for smaller diameter trees using different techniques. 
However, many advocates see the opportunities for new, decentralized, small, 
community­based and diversified energy sources as a goal well worth pursuing. 
Many questions remain about the potential for scaling up these systems across 
many locations. The anticipated payback period for the systems now being installed 
is in the five to 12 year range, much longer than that sought by most private firms. As 
a result, they have mostly been financed using state assistance – such as a portion of 
the cost being covered by capital grants for schools, with municipal or school bonds 
providing the remainder. Big sources of capital seek big projects – as do most climate 
advocates. Determining how smaller, decentralized projects fit the need for larger 
scales is a continuing challenge. 
Questions about air pollution also arise. While nitrogen and sulfur oxides do not 
appear to be an issue, the emissions of particulates from woody biomass facilities are 
greater than those using heating oil or natural gas. Larger facilities can install 
baghouses to reduce their emissions to levels similar to an oil­fired boiler. Even 
though the particulates from smaller, uncontrolled facilities tend to be larger in size, 
they raise fewer human health risks in theory and usually do not produce a visible 
smoke plume. 
Questions about the potential climate benefits of different biomass fuels also need 
to be evaluated across their entire life cycle. Biomass fuels are not always carbon 
positive or even neutral as the energy it takes to grow, process, or transport them can 
be greater than the energy derived from their use. Some biomass fuels also compete 
directly with food for their feedstocks (such as corn ethanol), raising difficult issues 
around the “food versus fuel” debates. 
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“Community scale, woody biomass is the sweet spot where climate, energy 
and land restoration/protection come together.” 
–Laurie Wayburn, Pacific Forest Trust 
Recent research on the land use impacts of different climate policies underscores 
the importance of addressing emissions from both energy and land use. In their 2009 
article in Science, 6 Wise et al. find that climate policies focused solely on energy lead 
to the clearance of natural forests and the creation of extensive biomass plantations. 
Only by including emissions from land use change as well are more balanced 
portfolios of clean energy and natural forests achieved. However, the competition for 
land remains acute. 
6 Wise et al., 2009, 
“Implications of Limiting CO2 
Concentrations for Land Use 
and Energy,” 234 Science 1183­
1186, 29 May. 
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